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Goal: The goal of the Expedition Earth and Beyond Student Scientist Guidebook is to 
provide students with an inquiry-based approach to conducting a student-led research 
investigation in the classroom. 

Objectives: Students will: 

1 . Be introduced to important aspects and steps involved in the process of science. 

2. Initiate and complete a research investigation including: 

• Identifying a preliminary question 

• Making initial observations 

• Conducting background research 

• Creating an experimental design 

• Collecting and compiling data 

• Creating and making observations of data displays 

• Analyzing and interpreting data 

• Drawing conclusions 

• Sharing research 

Grade Level: 5-12 

This resource can be used across a wide range of grade levels. Depending on the 
grade level of your students, you might consider the following: 

a) The complexity of student questions will vary based on grade level. Students in 
lower grade levels may likely ask more concrete questions. Older students 
should be encouraged to ask more complex questions. 

b) The variety of sources used to answer a student investigation will vary based on 
grade level. Students in lower grade levels may ask questions that use only one 
or two sources of data. Older students should ask questions that require more 
than 1 source of data to answer their question. 

c) Time dedicated to class discussions will vary based on grade level. For younger 
students, you may dedicate more time to class discussions. Older students 
should be able to work more independently on their research; however, you are 
still encouraged to have class discussions ensuring an understanding of each 
step within the process of science. 

d) Data displays options chosen may vary based on grade level. Students in higher 
grade levels may chose to include more complex data displays to analyze. 

e) Analysis and interpretation of data will vary based on grade level. Younger 
students will likely have a more concrete analysis of their data, whereas older 
students may be able to demonstrate more abstract thinking within their analysis. 

Depending on the grade level and abilities of your students, be flexible and sensitive to 
your students’ needs as they work to understand each step of their investigation. 
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Time Requirement: -15 class periods minimum 


Materials: 


Resource 


Notes About Resource 


Expedition Earth 
and Beyond 
Student Scientist 
Guidebook 


Recommended to provide one Guidebook per student 
or one per group of ~4 students. As your students use 
the Guidebook they will need periodic access to 
computers. 


Thumbnail of Resource 



Expedition Earth 
And Beyond 
Student Scientist 
Guidebook 
Teacher Guide 


Teacher Guide provides information on the overall goal 
and objectives of the Student Scientist Guidebook as 
well as alignment to standards and helpful planning 
resources. Helpful planning resources integrated as 
part of this Teacher Guide include: 







Snapshot Guide to Using Expedition Earth and 
Beyond Student Scientist Guidebook and 
Resources: This snapshot view will give you a 
comprehensive view of suggested steps and 
procedures to use as your incorporate a student- 
led investigation in your classroom. 


Supplemental Student Scientist Guidebook 
Presentation: This supplemental presentation 

includes every page of the Student Scientist 
Guidebook and Model Investigation with 
accompanying teacher notes for each slide and 
step of the process. You may chose to use this 
presentation with your students to help guide your 
class discussions, and/or use the notes provided to 
help guide you through the use of the Student 
Scientist Guidebook. 




Part of Teacher Guide. Includes 
teacher notes and can be shown 
as a presentation. 


Additional Useful Resources: 


Resource 


Notes About Resource 


Thumbnail of Resource 


Launchpad 

Activities 


These are inquiry-based optional activities to use with 
your students that give your students experience 
working with astronaut images. Examples of 
Launchpad activities include the Spheres of Earth 
Activity and the Blue Marble Matches Activity. 
Launchpad activities are available at: 
http://ares.isc.nasa.gov/ares/eeab/curricularmaterials.cfm 
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Expedition Earth 
And Beyond 
Student Scientist 
Guidebook 
Introduction 


This presentation provides an introduction to important 
aspects of student-led research and an overview of the 
9-step process of science students will use as they 
conduct their research investigation. 



Gnltinc) students actively involved with 
NASA uaploiatMn and dncuveiy. 



STUDENT SCIENTIST GUIDEBOOK 
INTRODUCTION 


Student 

Scientist 

Guidebook 

Model 

Investigation 


This Model Investigation steps through a full example 
research project students can use as a guide to their 
own investigation. Additionally, pages from the Model 
Investigation are included in the Supplemental Student 
Scientist Guidebook Presentation, provided as part of 
this Teacher Guide. 



Standards: 

The following standards are addressed with the Expedition Earth and Beyond Student 
Scientist Guidebook Introduction, Model Investigation, and the Student Scientist 
Guidebook itself. The degree in which these standards are met depends on the 
research topic, question, experiment design, and data analysis techniques used. 

National Science Standards: 

• CONTENT STANDARD A: Science as Inquiry 

• CONTENT STANDARD D: Earth and Space Science 

• CONTENT STANDARD G: History and Nature of Science 

Content Standard A: Abilities Necessary to Do Scientific Inquiry 

• Identify questions that can be answered through scientific investigations. 

• Design and conduct a scientific investigation. 

• Use appropriate tools and techniques to gather data and extend the senses. 

• Develop descriptions, explanations, predictions, and models using evidence. 

• Think critically and logically to make the relationships between evidence and 
explanations. 

• Recognize and analyze alternative explanations and predictions. 

• Communicate scientific procedures and explanations. 

• Use mathematics in all aspects of scientific inquiry. 

Content Standard D: Structure of the Earth System 

• Landforms are the result of constructive and destructive forces such as crustal 
deformation, volcanic eruption, deposition of sediment, weathering, and erosion. 

• Global patterns of atmospheric movement influence local weather. 

Content Standard D: Earth’s History 

• The planet’s history is influenced by occasional catastrophes such as the impact 
of an asteroid or comet. 
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Content Standard D: Earth in the Solar System 

• The Earth is the third planet from the Sun in a system that includes the Moon, the 
Sun, eight other planets and their moons, and smaller objects, such as asteroids 
and comets. 

Content Standard G: Nature of Science 

• Science distinguishes itself from other ways of knowing and from other bodies of 
knowledge through the use of empirical standards, logical arguments, and 
skepticism, as scientists strive for the best possible explanations about the 
natural world. 

• Scientific explanations must be consistent with experimental and observational 
evidence about nature, and must make accurate predictions about systems being 
studied. They should also be logical, respect the rules of evidence, be open to 
criticism, report methods and procedures, and make knowledge public. 

• All scientific knowledge is subject to change as new evidence becomes available. 

Content Standard G: Science as a Human Endeavor 

• Women and men of various social and ethnic backgrounds engage in the 
activities of science. 

• The work of science relies on basic human qualities, as well as on scientific 
habits of mind. 

• Scientists do and have changed their ideas about nature when they encounter 
new experimental evidence that does not match their existing explanations. 

NCTM Principles and Standards: Content Standards 

• Number and Operations 

• Patterns, Functions, and Algebra 

• Geometry and Spatial Sense 

• Measurement 

• Data Analysis, Statistics, and Probability 

NCTM Principles and Standards: Process Standards 

• Problem Solving 

• Reasoning and Proof 

• Communication 

• Connections 

• Representation 

Common Core State Standards: Mathematical Practices 

• Make sense of problems and persevere in solving them. 

• Reason abstractly and quantitatively. 

• Construct viable arguments and critiques the reasoning of others. 

• Model with mathematics. 

• Use appropriate tools strategically. 
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• Attend to precision. 

• Look for and make use of structure. 

• Look for and express regularity in repeated reasoning. 

Common Core State Standards: Content Standards 

• Ratios and Proportional Relationships 

• The Number System 

• Expressions and Equations 

• Functions 

• Geometry 

• Statistics and Probability 

Geography Standards: 

• The World In Spatial Terms 

• Places and Regions 

• Physical Systems 

Technology Standards: 

• Basic Operations and Concept 

• Social, Ethical, and Human Issues 

• Technology Productivity Tools 

• Technology Communication Tools 

• Technology Research Tools 

Useful Websites: 

• Expedition Earth and Beyond: http://ares.isc.nasa.gov/ares/eeab/index.cfm 

• Expedition Earth and Beyond Student Wiki: http://eeabstudents.wikispaces.com 

• Expedition Earth and Beyond Teacher Wiki: http://eeabteachers.wikispaces.com 

• Gateway to Astronaut Photography of Earth: http://eol.isc.nasa.qov 

• Additional links to Useful Websites are resources available at: 
http://ares.isc.nasa.gov/ares/eeab/resources.cfm 

• NASA Earth Observatory: http://earthobservatorv.nasa.gov 

• MY NASA DATA: http://mynasadata.larc.nasa.gov/ 

• Open NASA Data: http://data.nasa.gov/ 

Printing Alternative: As your resources permit, you can download the PDF of the 
Expedition Earth and Beyond Student Scientist Guidebook on your student computers 
and have students fill in answers to questions, save their work, and continue each day 
without printing anything. You will need to have a program that will enable this. One 
recommendation is Foxlt. Foxlt allows you to open PDFs, type in answers, and save 
your work. It is a free download available at: http://www.foxitsoftware.com/pdf/reader/ . 
You may want to check to make sure documents save correctly before students finish 
their work. Adobe reader will not save typed in work. Other alternatives may be 
available. 
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Introduction and Background 

The Expedition Earth and Beyond program is designed to promote authentic research 
investigations in the classroom using NASA data and resources. The program utilizes 
astronaut photographs as a hook to get students interested in conducting a research 
investigation. Students and teachers have a range of activities in which to participate, 
all of which are designed to promote STEM-literacy in the classroom. 

Students can participate in any or all of the following opportunities: 

1. Complete one or more stand-alone, hands-on activities (referred to as a 
Launchpad Activities). Launchpad activities are designed to expose students to 
astronaut photographs in order to help them gain an interest in a feature to focus 
on for a student investigation project. Launchpad activities are available at: 
http://ares.isc.nasa.gov/ares/eeab/curricularmaterials.cfm 

2. Conduct a student-led research investigation about Earth (or planetary body 
comparison) using astronaut photos as one source of data. The Expedition 
Earth and Beyond Student Scientist Guidebook is the main resource used 
to help guide students through such an investigation. 

3. Get input from a mentor as they progress through their research. Student teams 

working as one class can get partnered with a mentor who will provide 

comments, input, and suggestions on student research as they step through the 
process. Mentor communication takes places through the use of a Team 
Workspace Wiki (See details below on the Expedition Earth and Beyond 
Wikispaces). 

4. Submit a Data Request Form to have a new image of Earth acquired by an 
astronaut onboard the International Space Station (ISS). Classes working as 
one team can submit a data request however, if there are multiple small groups 
conducting research in one class, only one request per class can be submitted. 

5. Share/present student team research to scientists and potentially other 

participating student teams across the nation. Students can do this by either 
posting their research on the Team Workspace Wiki and/or presenting their 
research “live” to scientists. 

6. Participate in distance learning Classroom Connection Webinars to build 

background knowledge and connect with NASA and university scientists. 
Information about Classroom Connection Webinars are posted at: 

http://ares.isc.nasa.gov/ares/eeab/DLE.cfm 


Expedition Earth and Beyond Wikispaces 

Wikispaces is a proven leader in providing free wiki services to thousands of schools 
across the country and around the world. The Expedition Earth and Beyond program 
has three Wikispaces areas, each designed for a specific purpose. 

• EEAB Student Wiki: http://eeabstudents.wikispaces.com 

This wiki is designed to provide helpful information for students conducting 
research through the Expedition Earth and Beyond Program. This page can be 
accessed by anyone. 
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• EEAB Team Workspace Wiki: 

http://eeabstudents.wikispaces.com — ►Team Workspace Links (listed on the 
menu bar on the right side of the page). This wiki, available from the EEAB 
Student Wiki site, is designed to provide an optional Team Workspace for each 
participating team. This Team Workspace Wiki area provides a place where 
students can post the progress of their research as they step through the 9-step 
process of science modeled in the EEAB Student Scientist Guidebook. Classes 
participating as one team will have the opportunity to work with a mentor through 
the discussion area of their Team Workspace Wiki. Most Team Workspace 
Wikis can be viewed by anyone, but can only be edited by the teacher and any 
students with logins and passwords. Teachers can request logins and 
passwords for students. Participation in the discussion section of the wiki is also 
limited to those with a login and password. This includes the teacher, mentor, 
and any students with login privileges. A private Team Workspace Wiki is 
available upon request. A private wiki would be viewable only by those with login 
privileges. 

• EEAB Teacher Wiki : http://eeabteachers.wikispaces.com 

This wiki is designed to provide a place for teachers participating in Expedition 
Earth and Beyond to ask questions, post comments, suggestions, ideas and/or 
communicate with other teachers. This wiki also has other resources you might 
find helpful as you participate in the program. This page can only be accessed 
by teachers who are members of this wiki. To join this wiki go to 
http://eeabteachers.wikispaces.com , create a username and password, and click 
join. Once your request is received, you will be granted access to this wiki. 


STUDENT SCIENTIST GUIDEBOOK TEACHER GUIDE AND PROCEDURES 

This Teacher Guide is designed to provide you with information to help you best utilize 
the Expedition Earth and Beyond resources to help facilitate student-led research in 
your classroom and allow you to see the alignment to Content Standards. Additionally, 
this guide provides suggested procedures to use with your students as they conduct 
their research investigation. You are encouraged to revise procedures as you see fit for 
your level of students. 

To help you plan for your implementation of the Expedition Earth and Beyond resources 
and your student team investigation, there are two key remaining components that 
make up this Teacher Guide. They include the following: 

1) A Snapshot Guide to Using the Expedition Earth and Beyond (EEAB) Student 

Scientist Guidebook and Resources: This document gives you a one-page 

overview of activities, resources, suggested time frames, and helpful hints for you 
to consider as you participate in Expedition Earth and Beyond. Time frames can 
vary depending on the needs of your students. 

2) Supplemental Student Scientist Guidebook Presentation: This presentation 

includes slides of each page from the Expedition Earth and Beyond Student 
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Scientist Guidebook and Model Investigation for you to use to facilitate 
discussions with your students as you see fit. This presentation includes the 
following components: 

a. An overview of important aspects and main goals of each step within the 
modeled 9-step process of science 

b. Screen shot of every page from the Student Scientist Guidebook 

c. Screen shot of every sample page from the Model Investigation 

d. Team Workspace Wiki Suggestions 

e. Presentation notes written as suggested teacher procedures 

There are 9-steps in the process of science, as modeled in the Expedition Earth and 
Beyond Student Scientist Guidebook. Those steps are as follows: 

• Step 1 : Preliminary Question 

• Step 2: Initial Observations 

• Step 3: Background Research 

• Step 4: Experiment Design 

• Step 5: Collect and Compile Data 

• Step 6: Display Data 

• Step 7: Analyze and Interpret Data 

• Step 8: Draw Conclusions 

• Step 9: Share Research 

You are encouraged to have your students complete an investigation focusing initially 
on an aspect of Earth, however, students can also use the Student Scientist Guidebook 
to conduct a planetary comparison investigation. Students conducting a planetary 
comparison investigation should be sure to conduct background research to gain an 
understanding of the feature and related process on Earth. This will allow them to apply 
that knowledge as they conduct their planetary investigation. 


TIPS FOR USING THE STUDENT SCIENTIST GUIDEBOOK PRESENTATION 

To help you utilize the Supplemental Student Scientist Guidebook Presentation with 
your students, and benefit from the Teacher Notes provided, use the following helpful 
hints: (Note: Hints shown for Adobe Acrobat Reader X.) 


A. Showing the PowerPoint/PDF presentation in full screen mode: Utilize this 
option when sharing this presentation with 
your students. 




• n _i 


To view this document in full screen mode 
follow these three easy steps: 

a. Select “View” from the top menu bar. 

b. Select “Full Screen Mode” 

c. Use your arrow keys to move through 
the “slides” 




EXPEDITION EARTH AND BEYOND 

Student Scientist Guidebook 
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B. Viewing the Teacher Notes: 

Notes and teacher suggestions for each step and page of the presentation are 
provided to help you prepare your implementation of the Guidebook with your 
students. 

• To view the Presenter notes click on the “Comment” button in the upper right 
hand portion of the page. 

• Use the scroll bar on the right to view notes from other pages. 

• Use the “+” symbol in the upper right hand portion of the Presenter notes to 
view the complete notes from that page. 



scroll bar 


“+” symbol 


As you get your students actively involved in NASA exploration, discovery and the 
process of science, through their participation in Expedition Earth and Beyond, we look 
forward to hearing from you on the EEAB Teacher Wiki and watching your students 
conduct their research on their optional Team Workspace Wiki or by sharing or 
presenting their research to university and NASA scientists. 
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A SNAPSHOT GUIDE TO USING THE EXPEDITION EARTH AND BEYOND (EEAB) 
STUDENT SCIENTIST GUIDEBOOK AND RESOURCES 

Activity/Resource 

Main Objective(s) 

Suggested 
Amount of 
Time 

Helpful Hints 

Launchpad Activities 

Give students exposure to working with 
astronaut images to help spark interest in a 
topic to further investigate. 

3-5 class 
periods per 
activity 

Depending on how much time you have, some optional activities to use with your students include the 
Spheres of Earth Activity, the Blue Marble Matches Activity, or other launchpad activities to give your 
students experience working with astronaut images. 

Student Scientist 
Guidebook (SSG) 
Introduction 

Provide an introduction and overview of the 
9-step process of science. 

~30 minutes 

Discuss information included in Student Scientist Guidebook Introduction PowerPoint/PDF presentation. 

Student Scientist 
Guidebook Model 
Investigation 

Provide a model investigation that can be 
used to help guide students through their 
own investigation. 

n/a 

Pages from the Model Investigation are included in the Student Scientist Guidebook "slides". Feel free 
to use the sample "answer" pages from the model to help your students know how to approach any 
given section of the Student Scientist Guidebook. Students can also independantly use or reference 
the model investigation as a guide. 

Student Scientist 
Guidebook (SSG) - Step 
1: Preliminary Questions 
(PP1-7) 

Guide individual groups to create a 
preliminary question to further investigate. 

-30-45 

minutes 

Organize students into small groups of 4-8 students to explore potential research questions the class 
can investigate. Keep in mind that by the end of Step 2, students will want to convince the rest of the 
class that their question should be the focus of the team investigation. 

SSG Step 2: Initial 

Observations 

(pp8-17) 

List sources where students can find 
astronaut photos. 

-3 class 
periods 

Two sources are provided. Students can list others if known. 

Help students consider what data and 
observations you will log. 

Fill-in-the-blank statements are designed to help students think about what data they should collect. 

Have students create an initial data table. 

Each student group should create a data table to collect data/log initial observations related to the 
preliminary question. 

Have students log initial observations. 

Pairs of students should log information for 2-3 images. Students can use sources listed in the 
guidebook or use hard copy images you may have available in class. 

Help students formulate a hypothesis. 

Students should base their hypothesis on a discussion of observations logged and indicate other 
information that may support their hypothesis. 

Allow students to discuss and debate the 
team research question. 

At the end of this step, student groups will try to convince their classmates that their preliminary 
investigation question should be the question the class focuses on as a team. Once a single team 
investigation question is selected, make sure all team members discuss and create a blank data table 
for data collection. 

SSG Step 3: 
Background Information 
(pplS-24) 

Gather basic background research and 
information. 

-2-3 class 
periods 

Review the importance of building on existing knowledge and keeping track of sources. It is 
recommended to divide students into 6 groups to log information from questions 1-6. As students 
answer questions, they should keep track of any sources used. Once students finish answering their 
assigned question, they should collect and log data. By the end of this step, students should report out 
their information to the class so everyone can be aware of the information gathered. You might choose 
to do this during 1 class period. 

Log bibliographical and summary 
information from each source. 

Continue to collect and log data. 

SSG Step 4: Experiment 
Design (pp25-29) 

Finalize the team research question. 

-1 class 
period 

Students should consider adjusting or refining their resarch question. Discuss potential refinements and 
finalize the team's research question as a class. Students should also list their hypothesis along with 
specific observations and other knowledge that supports their hypothesis. Discuss Experiment Design 
(Methods) questions as a class to help finalize the research plan. Lastly, make sure students continue 
to log bibliographical information from each source used as part of the research. 

Finalize the plan on what data to collect and 
where students will gather that data. 

Make sure everyone logs data consistently. 

SSG Step 5: Collect and 
Compile Data (pg30) 

Finalize the data collection table(s) and 
have team members collect data. 

-1-2 class 
periods 

Identify a couple of student volunteers to compile all team data into a master data table(s). It is 
recommended to create an Excel or GoogleDocs spreadsheet of the data. As data is getting compiled 
on a master data table(s), other students can continue to gather and log additional data and/or look for 
areas to request as new data from the International Space Station. Consider asking students to come 
up with areas they would like to have imaged by astronauts onboard the International Space Station for 
homework. At some point, students should present image request options to the class and decide 
which 2 options should be included on the Data Request Form . 

Collect and compile all data into one master 
data table(s). (Make sure data is logged 
consistently!) 

Decide what new data students might want 
to request and fill out and submit a Data 
Request Form (1 request form per class). 

SSG Step 6: Display 
Data (pp31-44) 

Decide on the different ways to display 
collected data. 

-2-3 class 
periods 

Display the team research question and hypothesis in the front of the room. Students should focus on 
their question and hypothesis and then decide on ways to display their data. It will also be useful if each 
student/student group is provided with a copy (hard copy and/or access to an electronic copy) of the 
master data table(s) created. Students will complete 3 parts in this step: 1)Decide on ways to display 
their data, 2)Create their data displays, and 3) List observations of each data display. 

Create data displays. 

List observations of data displays. 

SSG Step 7: Analyze 
and Interpret Data (pp45- 
48) 

Examine observations from each data 
display. 

-3 class 
periods 

Students should have access to all data displays and the observations listed for each data display as 
they fill out the Analysis and Interprepation of Data tables on pages 46 and 47. They should list specific 
observations, describe how that observation can be interpretated with respect to their question, and 
provide additional evidence that supports the interpretation. 

Make interpretations of those observations 
(how observations relate to and help 
answer the question). 

Have specific evidence from the data 
displays or background knowledge that 
supports student interpretations. 

Consider potential errors, inaccuracies, 
misinterpretations or limitations of data. 

Students should reflect on their research and list potential errors, inaccuracies, misinterpretations or 
limitations of data. 

SSG Step 8: Draw 

Conclusions 

(pp49-50) 

Restate the team research question and 
answer it. 

-1-2 class 
periods 

Students should consider the analysis of their data and overall research to determine an answer to their 
question as well as indicate whether their hypothesis was supported or refuted. Students should 
summarize pertinent evidence. 

Restate the team hypothesis and indicate 
whether it was supported or refuted. 

Consider what new research could be 
conducted based on the team investigation. 

It is always important to consider future research that could be conducted. Students should list their 
thoughts and ideas. 

Acknowledge those that helped you through 
this research. 

As part of any research, it is important to acknolwedge those who provided support or assistance. 

THE BEYOND (pg51) 

Planetary Comparison Options 

-15 minutes 

Discuss planetary comparison options for research. 

SSG Step 9: Share 
Research & Stepping 
Into Your Future 
(PP52-54) 

Share research with others. 

As time 
permits 

Your students can share their research with others in their school, finish logging their research 
information on their Team Workspace Wiki, or they can present their research to NASA scientists. As 
their research comes to a close, students should also reflect on skills obtained throughout their research 
that will help them in the future. 
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GET ACTIVELY INVOLVED FN NASA EXPLORATION, DISCOVERY, AND THE PROCESS OF SCIENCE 
As you begin your expedition of conducting research about Earth and/or a planetary comparison, it will be helpful to use 
the 9-step process of science as a guide. It is a good idea to take a look at each step of this process as a quick preview 
to make sure you know what to expect as you get started with 
your investigation. 


OVERVIEW OF THE PROCESS OF SCIENCE 

The steps and activities in this Student Scientist Guidebook will 
provide strategies for you to use as you conduct your research 
investigation. This 9-step process models what scientists do as 
they conduct their own research. 


The process of science is an iterative process. Throughout each 
step, your team should focus on your research question which 
you may refine and change more than once. As you gather 
background research, this will help you finalize your research 
question and decide on the methods (experiment design} your 
team will use to collect, display, and analyze data to help you 
draw conclusions ateut your research. Although your research 
should focus on something very specific, make sure you think 
about the bigger picture. This includes thinking about potential 
implications of your research - how what you are researching 
may help you (or others) gain a tetter understanding of 
processes on Earth and/or other planetary bodies. 


A mode! of the process of science 
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PROCESS OF SCIENCE 

9-Step Model 




PROCESS OF SCIENCE 



The nine steps in this iterative process of science are described below: 



[ STEP 1 : Preliminary Question j ^11 science begins with observations that lead to a question. This 
preliminary question evolves from your observations, ideas, or prior knowledge and curiosity you may have 
about a particular topic This helps drive what you want to investigate. 



[ STEP 2: Initial Observations f You mus t ma ke initial observations and formally log data to figure out 
what details or characteristics of a feature(s) you may be interested in investigating. These observations will 
help you refine your question and formulate an initial hypothesis. 



[ STEP 3: Background Research ] Background research from books, scientific journals, magazines, the 
internet, or scientists is essential to help you understand what is already known about what you may be 
researching. It is important to keep track of sources you use as part of your research so you can cite them 
appropriately. 



[ STEP4: Experiment Design^ with your developing knowledge and observations, you will likely adjust 
and refine your preliminary question. Once you '‘finalize 1 ' your question, you must decide on a strategy to 
answer your question. This strategy includes a list of steps or methods to gather data consistently. This is 
called an experimental design. 



STEP 5: Collect and Compile Data ] Collecting and compiling data is extremely important You must 
make sure everyone is logging the same data and recording it consistently Once team members have 
collected data, it needs to be compiled so all the data can be displayed and later analyzed. The more data 
you have, the better your conclusions. 
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l-. ST . EP fr-P'sP'ay t Displaying your data helps you organize it Data can be displayed in tables, in 
graphs, on maps, or even as annotated or captioned image illustrations. General observations of data 
displays help you think about general trends the data are showing 


[ STEP 7: Analyze & Interpret Data j using the knowledge you have gained, along with observations 
from your data displays, you will be able to analyze your data This will help you interpret or make sense of 
what the data mean and how it applies to your question and hypothesis. 


STEPS: Draw Conclusions' J onre you have analyzed your data you will be able to draw conclusions. 
This includes answering your question as well as deciding if your hypothesis was supported or refuted. 


[ STEPS: Share Research ] Publishing or presenting your science research (even to your classmates} is 
an extremely important part of science Sharing your discoveries will allow others to learn from and build on 
your previous research 


Your contributions to science and the implications of your research can help drive future work that needs to be done. 
Your research will likely spark new questions you or someone else may want to investigate New knowledge helps drive 
new science. Science is ongoing and continual as shown in the model of the process of science on page 3. 

As you conduct your investigation, be sure to always focus on your scientific question. This question must drive every 
aspect of your research as you go through the process of science. 



Que$ A 


STEP 1 : 

Preliminary Question 



IMPORTANT ASPECTS OF STEP 1: 

•All science begins with observations that lead to a question. 

•This preliminary question evolves from your observations, 
ideas, or curiosity you may have about a particular topic. 

•Your prior knowledge, along with preliminary observations, 
and curiosity drive what you want to learn. 


MAIN GOAL OF STEP 1: 

1 . Within your group, decide on a final preliminary question to 
investigate. 





STEP1: Preliminary Question®^ 

Beginning the Process of Science: Conducting Your Research 


STEP 1: Preliminary Question 



Everyone observes and leams from personal experiences. Based on your experiences, in the space below, 
list what you may know about stucying features on Earth with images taken from space. 


DIsCwSS the Information you listed with your group. Based on your group discussion, fill out the table oeiow. List three 
specific features you think would be interesting to study, the associated Earth System (bosphere, atmosphere, 
hydrosphere, or gee /lithosphere) ard describe or list a specific aspect or characteristic of each listed feature. 


Feature 

Earth System 

Describe or list a specific aspect or characteristic of this feature 
that you find Interesting, 
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STEP1: Preliminary Question 

Beginning the Process of Science: Conducting Your Research 


m 


I STEP 1: Preliminary Question 



Everyone observes and learns from personal experiences. Based on your experiences, in the space below, 
list What you may know about studying features on Earth with images taken from space. 

You can see ihe difference between inhabited areas and natural areas because of regular shapes in inhabited 
areas. 

You can lea the differences in the depth of water based on the cofor of the water Light blue water is usually 
shallow . The darker the blue, the deeper the water. Grown, green, or yellow colors in the water are usually due to 
sediments and/or organic matter in the water 

When you use different lenses on the camera, you get very drfferent views of the surface. Longer focal length 
lenses show small areas up dose Shorter focal length lenses show large areas m less detail 


Discuss the information you listed with your group Based on your group discussion, fill out the table below. List three 
specific features you think would be interesting to study, the associated Earth System (biosphere, atmosphere, 
hydrosphere, or geo/lithosphere) and describe or list a specific aspect or characteristic of each listed feature. 


Feature 

Earth System 

Describe or list a specific aspect or characteristic of this feature, 



* 

Locations of most volcanoes 

Volcano 

Littiosqnwe 

* 

Lave flews 



» 

Volcano types 



* 

Featuie&'diafactenstics of glaciers 



* 

Charges m glaciers 

Glacier 

Hydrosphere 

* 

Glaciers of South Anier-ca 



• 

Other places glaciers are found 



• 

Melting glaciers 

Coastlines 

Hydto/Lrthosphere 

* Beaches atong coastlines 

• Shapes of coastlines 
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STEP 1: Preliminary Question 

Beginning the Process of Science: Conducting Your Research 

Preliminary Questions: Based on your group discussion, create a preliminary question for each feature of interest you 
listed. Be sure to focus your questions on a specific aspect or characteristic of that feature that can be observed in 
astronaut photographs. 

Feature 1: Aspect/Characteri Stic of feature: 

Question: 


Feature 2: Aspect/Characteri slic of feature: 

Question: 


Feature 3: Aspect/Characteristic of feature: 

Question: 


Discuss these questions and others created within your group. Combine your best ideas to decide on a preliminary 
research question your group will explore further. Factors that may help you decide are: 

• Which question is most interesting to you group? 

• Which question focuses on an aspect or characteristic that can be observed in astronaut photographs? 

• Which question can be successfully investigated using astronaut photographs and other data? 

• Which question may be important or have a potential implication or impact for you, your class, or society? 

After your discussion, write your preliminary research question. 
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STEP 1: Preliminary Question 

Beginning the Process of Science: Conducting Your Research 

Preliminary Questions: Based on your group discussion, creole a preliminary question for each feature of interest you 
listed, Be sure to focus your questions on a specific aspect or characteristic of that feature that can be observed in 
astronaut photographs. 

Feature 1 : Volcanoes AspectiCharactenstic of feature layers of lava flows 

Question : 

Is it possible to determine the age of lava flows using astronaut photography? 

Featured Glaciers Aspectf Characteristic of feature: melting 

Question : Can you see evidence of glaciers metbnq in Soutii America? 


Feature 3: Coastlines Aspect/Charactenstic of feature: shape of the coastline 

Question : How do the shapes of coastlines on the east coast of the United States compare to the shapes of cons 1 hoes 
on the west coast? 

Discuss these questions and others created within your group. Combine your best ideas to decide on a preliminary 
research question your group will explore further. Factors that may help you decide are: 

* Which question is most interesting to your group? 

* Which question focuses on an aspect or characteristic that can be observed in astronaut photographs? 

* Which question can be successfully investigated using astronaut photographs and other data? 

* Which question may be important or have a potential implication or impact for you, your class, or society? 

After your discussion, write your preliminary research question. 'What types of change s ar e occurr in g to the 
glaciers found in South America? fQur group changed the original Question 2 because we did not want to make the 
assumption that the glaciers were already meltino. ] 
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Team Workspace Suggestions 


Wikispaces 


WHAT TO POST ON YOUR WIKI: 

♦Consider posting the final preliminary question for each group. 

(Note: Each group will be investigating this potential question further in 
order to convince the rest of the class that their group’s question should be 
the focus for the entire class.) 


OTHER TEAM WORKSPACE CONSIDERATIONS: 

1 . At the top of the page under “About the Team” list your school’s name 
and add a team picture or write a few statements to tell us about your 
team. Remember, please don’t include student names! 

2. You should post vocabulary terms you learn throughout your 
investigation in the GLOSSARY section of your Team Workspace. 

3. Once you decide on a final research question to investigate, be sure to 
list sources used under the “Bibliography” section. 






STEP 2: 

Initial Observations 



IMPORTANT ASPECTS OF STEP 2: 

•You must make initial observations and formally log data as you begin your 
investigation to make sure the aspect of the feature(s) you want to 
investigate can be observed in astronaut photos. 

•These observations and initial data collection will help make sure the 
feature you want to investigate can be observed in astronaut photos. Your 
observations will help you refine your question and formulate an initial 
hypothesis. 

MAIN GOALS OF STEP 2: 

1 . List sources where you can find astronaut photos. 

2. Consider what data and observations you will log. 

3. Create an initial data table. 

4. Log your initial observations. 

5. Formulate a hypothesis. 

6. Discuss and debate the team research question. 




STEP 2: Initial Observations & 

A. FINDING ASTRONAUT PHOTOS 


1 STEP 2: Initial Observations 


friv Nov/ that you have a preliminary question, you need to start making and logging observations of astronaut 
fij . |j\ photographs Astronaut photos should be your initial source of data. T’ese observations (which are part of 

data gathering) will he p you ■'ormukre a hypothesis as you look for patterns or trends. While making 
observations, you may cecids to refine your question. This is a natural part of the process of science. 

As you conduce your investigation, it is important tc focus on your questio-. Write your question in the space below. 
Research Question: 


As you work to complete Step 2 of :he process of science, you will do the following: A) Lis: sources where can you find 
astronaut photos, B) Consider what da:a and ooser/a;ions you will leg, C) Create an iritiai data :abe, D) Leg your nitial 
observations, =) Formulate a hypothesis, and F) Discuss and debate t^e team research question. 

A. FINDING ASTRONAUT PHOTOGRAPHS 

Be ow is a list o - ' two sources where you can find astronaut pholos. As you F nd additional sources, add those to your list. 


Source #' : 

> Website name: Expedition Earth anc Beyond Quick List of Images 
r Website link: http: /fares .j sc . nasa . g o v/are s,'ee a b/at mosp here . cfn 


Source #2: 

- Website name: Gateway to Astronaut Phctoqraphy of Eart" 
w- Website link: http://eol.isc.nasa.aov 
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STEP 2: Initial Observations & 

A. FINDING ASTRONAUT PHOTOS 


[ STEP 2: Initial Observations J 

Now that you have a preliminary question, you need to start making and logging observations of astronaut 
photographs. Astronaut photos should be your initial source of data. These observations (which are part of 
data gathenng ), will help you formulate a hypothesis as you took for patterns or trends. While making 
observations, you may decide to refine your question. This is a natural part of the process of science 

As you conduct your investigation, it is important to focus on your question. Write your question in the space below. 
Research Question: 

What types of changes are occurring to the glaciers found in South America? 


As you work to complete Step 2 of the process of science, you will do the following: A) List sources where can you find 
astronaut photos. B) Consider what data and observations you will log, C) Create an initial data table, D) Log your initial 
observations, E) Formulate a hypothesis, and F) Discuss and debate the team research question. 



A, FINDING ASTRONAUT PHOTOGRAPHS 

Below is a list of two sources where you can find astronaut photos. As you find additional sources, add those to your list 
Source #1: 

> Website name: Expedition Earth and Bevond Quick List of Imaoes 


- W'ebsite link: http://ares.fsc. nasa.gov/ares/eeab/atmosphere. cfm 

Source #2: 

r Website name: Gateway to Astronaut Photography of Earth 


> W'ebsite link: httpi/feol. isc.nasa.gov 
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STEP 2: Initial Observations & 

A. FINDING ASTRONAUT PHOTOS 

Source #3: List an additional source you may use. 

> Website name: NASA Earth Observatory 

> Website link: http://earthobservatory.nasa.oov/ 

Source #4: List an additional source you may use. 

> Website name: The LAN PS AT Program 

> Website link: http : //la n dsat ,q sfc. nasa.q o v/ 

Feel free to list other sources you want to explore. 

8. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 

Once you know where to find astronaut photos, you need to consider what specific information to log Each Image you 
observe has its own unique information referred to as metadata. The following statements are designed to help you 
consider what metadata and other information you may want to log 


Use the word bank p'ovided to help fill in the blanks below. Some words specific to your research might not be included 
in the word bank. 


image identification number 

cameras 

longitude 

date 

quantitative 

noies/commenis 

qualitative 

tenses 

latitude 



I. The i.naoc- ict? zvon -7 is a unique identifier for every image. Logging this information will allow each image 
to be searched for and viewed 


2. The center lunaitod * and atiuiae of an image will provide you with an exacl 

location of that image on a map of Earth 

3. Based on your preliminary question, what specific featurefst will you look for mi each image? 

List others if you are looking for more than one feature. 
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STEP 2: Initial Observations 9 

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 


Source #3: List an additional source you may use. 
r Website name: 


^ Website link: 

Source #4: List an additional source you may use. 

z' Website name 

> Website link: 

Feel free to list other sources you want to explore. 

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 

Once you know where to find astronaut photos, you need to consider what specific information to log. Each image you 
observe has its own unique information referred to as metadata. The following statements are designed to help you 
consider what metadata and other information you may want to log. 


Use the word bank provided to help fill in the blanks below. Some words specific to your research might not be included 
in the word bank. 


image identification number 

cameras 

longitude 

date 

quantitative 

notes/comments 

qualitative 

lenses 

latitude 



1. The image identification number is a unique identifier for every image. Logging this information will allow each image 
to be searched for and viewed. 


2. The center and of an image wii! provide 

you with an exact location of that image on a map of Earth. 

3. Based on your preliminary question, what specific feature (s) will you look for in each image? 

List others if you are looking for more than one feature. , . 

Expedition Earth and Beyond: Astrocnaterials Research ard Exploration Science (ARES) Education - Version 3.0 9 
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B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 


•1. I_ _ J _ 

jr v^eosiie 

name: 


^ Website 

[ink: mtp 


urce#4; Lis 

t an addition. 

a! source you may use. 

^ W ebs it& 

name: 


r Website 

link: 



Feel free to list other sources you wan l to explore. 

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 

Once you know where to find astronaut photos, you need to consider what specific information to log. Each image you 
observe has its own unique information referred to as metadata. The following statements are designed to help you 
consider what metadata and other information you may want to log. 


Use the word bank provided to help fill in the blanks below. Some words specific to your research might not be included 
in the word bank. 


image identification number 

cameras 

longitude 

date 

quantitative 

notes/comments 

qualitative 

lenses 

latitude 



1 . The image identification number is a unique identifier for every image. Logging this information will allow each image 
to be searched for and viewed. 


2. The center longitude and latitude of an image will provide you with an exact 

location of that image on a map of Earth. 

3. Based on your preliminary question, what specific featurefs) will you look for in each image? glaciers 

List others if you are looking for more than one feature. ? 

Expedlton Earth aid Beyond: Research and Exploration lARESj Education - Version -3.D 
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STEP 2: Initial Observations 

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 


4. Describe specific aspects or characteristics of th s feature you will be looking to observe in images. Lis: as many as 
you feel are appropriate. 


5. If you decide to lock at changes over time in an area, it would be important to 'eccrd the 

the image was acquired. 

6. There have been different hand-held astronauts have used to ta«e 

pictu'es — he most recent one is the Nikon D3. 

7. Astronauts can use different on the r cameras to acquire Images hat cover 

different szed areas, mages ta<en wth longer focal lengths cover less area cn the grounc but have mere detai. 
Images taken with shorter focal lengths cover more area on the ground but show less detail. 

8. Scientists make observations that fall into two categories. observations are 

observations thal focus on visual or descriptive characteristics noted about an image or data. 

observatons are observations that focus on numeric infomraton such as 

moss, distance, area, etc. Both types of observations can be usefu . depending on the research being conducted 

9. It can also be useful :o log additional notes/comments about an image that may not be pan of your formal 
observations., This car be a statement about the Image you may want to refer to at a later time. 

1C. Is the e any other data you feel is important to log for ycur research? L st additional data below; 


The answers to the above statements provide important oats to consider legging as yo, make observations of images. 
As you decide on other data to leg. think carefully to rna<;e sure you knew now you wi I go about collecting that data. 
Think about what data you need that directly rela:es to your specific quest on 
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STEP 2: Initial Observations 

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG 


4. Describe specific aspects or characteristics of this feature you will be looking to observe in images. List as many as 
you feel are appropriate. 

Any tvoes of chanties to glaciers over time Size of the identifiable features on the surface of the glacier 

identifiable features on the surface of the glacier Length and width of the glacier 


5. If you decide to look at changes over time in an area, it would be important to record the dale 

the image was acquired. 

6. There have been different hand-held cameras astronauts have used to take 

pictures. The most recent one is the Nikon D3. 

7. Astronauts can use different lenses. on their cameras to acqure images that cover 

different sized areas. Images taken with longer focal lengths cover less area on fie ground but have more detail. 
Images taken with shorter focal lengths cover more area on the ground but show less detail 

8. Scientists make observations that fall into two categories Qualitative observations are 

observations that focus on visual or descriptive characteristics noted about an image or data, 

Quantitative observations are observations that focus on numeric information such as mass, 

distance, area, etc. Both types of observations can be useful, depending on fie research being conducted. 

9. It can also be useful to Jog additional notos/comments 3boul an image that may not be part of your formal 
observations. This can be a statement about the image you may want to refer to at a later time. 

10. Is there any other data you feel is important to log for your research? List additional data below; 

glacier name country 

The answers to the above statements provide Important data to consider logging as you make observations of images. 

As you decide on other data to log, think carefully to make sure you know how you will go about collecting that data. 

Think about what data you need that directly relates to your specific question. 
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STEP 2: Initial Observations & 

CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) 


C. CREATE AN INITIAL DATA TABLE 

How do yo U organize a I this information? The simple answer is to create a da _ a taole. A data tab e provides a structure 
for you to collect consistent data for all images you observe. This will later help you as you display' your data and Tiake 
observations, interpretations, and ultimately draw conclusions about you' question. 

Reac the da:a table rips to helo you o'ganize your initial data table 

DATA TABLE TIPS: Before ycu create your data table, read these tips and look a: the saniole table provided. These 

tips will help you create and refine your data table as your project evolves. 

1. Consider usrg your responses from Part B (fill-in-the-tlank statements) as coLmn headings for your data table, 

2. Each column cf your data table should log one piece o J data. For example, latitude and longitude should each have 
their own column. Do no: combine this data in one column. 

3. Excel or any other spreadsheet program can o^iy 'understand" number or letter data for each field. As you title any 
column, be careful to include the appropriate ‘unit 1 ' so you can log your data as a number or letter on y. 

4. If you Include a latitude column In your data table. It Is recommended to title th is co umn Latfrode (N). “his 'will allow 
you to leg your latitudes as numbers in each ce I of your spreadsheet. Be aware that the Gateway fo Astronaut 
Pyelography of Earth website lists south latitudes as negative numbers. For examp e. an image located at 74 south 
would oe written as (-74). Be sure you th nk about how you log you* south latitudes, so you ca j be consistent when 
using astronaut photographs or data acquiree from other websites. 

5. If you include a longitude column in your data tabe, it is recommended to tite this column Longitude (E). The 
Gateway to Astronaut Photography of Eanh website lists west Icngltudss as negative numbers. For example, an 
image located at 35 west would be written as (-36). Be sure you hink about how you log your 'west longitudes so you 
cart "be consistent when using astronaut photog'aphs or data acquired from other websites, 

6. If you are looking for a specific feature, you can name the feature in the column heading along with a (Y or N|. Let s 
say. for examole, you are studying sand dunes You will oovlousy be ooklng for sand dunes In each Image you 
observe A suggested tite heading woula he Sand Dunes |Y or N). This will indicate that the teature was in the 
image (Y) or the feature was not observed In the Image (N). Be cons stent with how you log your data. For examp e, 
either use “Y” o' write out the whole word "Yes.’' Consistency is essent al when logging data. 
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STEP 2: Initial Observations & 

CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) 


DATA TABL£ TIPS [continued,): 

7. Deperding on what specific observation you are looking for, you should consider creating a column heading that will 
allow you to log a consistent one or two word (or etier) observation o" number as applicable. For exemole. if you are 
looking at sand dunes anc wan: to know the type of sa'to dune identified you can title the column heading Sand 
Dune Type [Barchan (B), Longitudinal (L). Star (S), None (N/A) or Unsure (U)]. As you log your data you cart 
inc ude the leder or the name of the type of sand dune identified Just be s^re to og your information consistently. 

6. v ou may consider logging the name of the country where sn image you observed is located. In this case life the 
column Country. When you log your data, be sure to log only the country. Do not include the city, state, or 
continent, If ycu want that data recorded, it should be listed as its own coiurrn of data, 

5. It is recommended to have a column in your table titled Qualitative Observations. This co umn would include 
information that would likely contain more than a one or two word observation. You may decide to start by logging 
general qualitative (descriptive) information you think Is important to nole. As you further your research, you may 
look to add in specific qualitative observations related to the specific aspect of a feature you are researching In this 
column you may also consider creating a sketch. You can include this coiumn anywhere n your data table where it 
makes sense to the team 

1 0. v ou may also have a column In your tab e titled Quantitative Observations For starters, this column may include a 
type of measurement information you may want to explore late'. Be sure to Inc ude Lnits of measure {Example: km) 
If your team decides to include measurement or other numeric data, this at least gives you a starting port for later 
con si derail on. If you eventually decide to gather more than one type of nume' c data, each type of data should have 
Its own counn. 

11.11s a good Idea 1o *ave a column on you' data table for notes or comments. This coiumn provides an area for you 
to log additional comments yo* may wanl to refer to later For example, you nay note lhat a particular image would 
be good to include as an image I lust'ation (which will bs discussed later). 


Look at the sample table p'ovidsd far Sand Dunes on Eartn. Take note of ihe column headings as well as the data I sted 
in each column. This sample table ncludes actual information based on real imagery Motice tha: some of the image 
tdentifcalion numbers start with ISS and others with STS. Ths is based on whether the imagery was taken from the 
International Space Station (ISS) o ' one of the Space Shuttle missions (STS). 
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STEP 2: Initial Observations & 

CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) 


SAMPLE MASTER D/ 

IT A TABLE - SAND DUNES ON EARTH 
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This sample tab e shows a leg oT data and observations for five different astronaut photographs. Your team's final master 
data table nay look si in la - io this but will include cata from many more images logged from all team members. Keep in 
ml-d, the data ycu log should be based on what Is aporop'ate for your scientific question. Be sure 1o log all data 
consistently. 

Dscuss options for creating you* nital oata table with your group. 3n tee b an< initial data taota provided, draw in ines 
as necessa"y and write in column readings to indicate what data you will callec;. 
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fill STEP 2: Initial Observations 

C. CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) 


INITIAL DATA TABLE 

Image 

ID# 


Lonqatude 

(E) 

(Name of 
Feature) 

(Y or N} 


Notes/ 

Comments 








□ . LOGGING INITIAL OBSERVATIONS 

Once you have discussed and finalized your initial data table columns and headings, re-create your data table on a 
separate piece of paper or using a spreadsheet, so you can log your data neatly, clearly, and consistently. You are 
now ready to look at Images and log data. Go to one of the sources listed and log observations from 5-10 images on your 
neatly drawn table. 

E. HYPOTHESIS DEVELOPMENT 

Once you have made 5-10 Initial observations, think about your question. Are you noticing any patterns or trends? You 
should be able to make an educated guess about how the processes related to the feature you are investigating may 
work. This educated guess about the answer to your question is called a hypothesis. A hypothesis should be formulated 
based on information and observations that can support It, Your hypothesis should also be testable, To help you 
formulate your hypothesis, answer the following questions: 

1 . What is your preliminary research question? 
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{is|i STEP 2: Initial Observations 

D. LOGGING INITIAL OBSERVATIONS 


INITIAL DATA TABLE 

Image 

ID# 


Lonqatude 

(E) 

(Name of 
Feature) 

(Y or N} 


Notes/ 

Comments 








D. LOOSING INITIAL OBSERVATIONS 

Once you have discussed and finalized your initial data table columns and headings, re-create your data table on a 
separate piece of paper or using a spreadsheet, so you can log your data neatly, clearly, and consistently. You are 
now ready to look at images and log data. Go to one of the sources listed and log observations from 5-10 images on your 
neatly drawn table. 

E. HYPOTHESIS DEVELOPMENT 

Once you have made 5-10 initial observations, think about your question. Are you noticing any patterns or trends? You 
should be able to make an educated guess about how the processes related to the feature you are investigating may 
work. This educated guess about the answer to your question is called a hypothesis. A hypothesis should be formulated 
based on information and observations that can support It, Your hypothesis should also be testable, To help you 
formulate your hypothesis, answer the following questions: 

1 . What is your preliminary research question? 
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m STEP 2: Initial Observations W 

D. LOGGING INTIAL OBSERVATIONS (SAMPLE DATA TABLE) 


Initial Data Table 1 - Glaciers in South America 

Image ID Number 

Glacier 

Name 

Date Image 
Was Taken 
(YYYYMMDD) 

Latitude 

(NJ 

Longitude 

(E) 

Country 

Lens Size 
(mm) 

Qualitative Observations 

I5S022-E-073075 

Up sal a 

20100225 

-49 9 

-73.3 

Argentina 

800 

Maniiifi ± apparent, g-asi-ra F«o iivm gtaeiefs. of cvtfi^ 

oor * 5sc<5 wort mar crtiwrs 

ISS01Q-E-5807 

Upsala 

20041104 

-50 

-73 

Argentina 

180 

caNn^ pminc mlifit hvifi riiocr^ soiree mtc out 

1 SSC22-E-783G3 

Viedma 

20100226 

-49.5 

-73 

Argentina 

800 

□art Intcrar itresILs alarvjUie tap erf the g-ss-r termmus 
ippeon 5trfc£Frt acr&si ctouc thadaws Bppeu o^er 

g*e appears scpinted try water ^eusih i&ft 

ui- pOBtalf ttlwzc glacier 

issooi-E-sioe 

Viedma 

2000 12_ 

-49.5 

-73 

Argentina 

400 

Ztor* lateral streak! aianf tmtap of tlw grace r temmui 
aaqe*^ emwei wrtr outurera iietr tr* eerier cIdlq 

iPBCDWl 0VE r flBCiC 

lSSOOS-E-13260 

Perito 

Moreno 

20040127 

-SO. 5 

-73 

Argentina 

SCO 

r. tfiti imt^t (rit « cru^« «£*>iut »re of 

'isiatd* Oor-p*te-f l>: two PrandP*s Of *arma erfl at a*e 
Hits F*ve iffy dHtenrit ewfr. WFiy * ff trie colors » 
aH*erirtT 

ISS015-E-199S3 

Perito 

Moreno 

20070728 

-50.5 

-73 

Argentina 

300 

ODvidul ewi Gertie o* salwng »t tfts fctnflimii "ftcre is acrjalli- fe 
rn§ of ~ibCe*h! at tft eJte - tfi'i o#w featy"E sr a series of 
loeiwr^: inltti to^rdic r * 

ISS014-E-14359 

Chico 

20070217 

-49 

-73 

Argentina 

130 

G r sat art' Ml vie* of fcfe are* The gereti ^tMpe of the 

c*fl e* j&sr m chi» *ou an ttio «s the terrrunwe 
of g«*rief me mudtfv r a nvft o nttrvc*o* 

at the wfleftne vaiicY 

ISS008-E- 18428 

Chico 

20040312 

-49 

-73 

Chile 

370 

Gate vie* of if - 1 li ;■;!> s-Et :•=< r ai the eno of :re Hh* Afl*r 
tr e Darrier the emer Of trie water chaf^t; trcn prey to 0 ‘je 

ISSO014-E- 10766 

Grey 

20061225 

-51 

-73 

Chile 

180 

G r EK OVOTfl i ie * or tte l p C9 Shew: tn- jriy ai-CF Hf Grtyi 
runcT. *tvife trie gsac^rto me 'vgnt fit: a due color Ec tfe 
njtioff 

ISSQ04-E-92B1 

Grev 

20020401 

-51 

-73 

Chile 

180 
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Mi STEP 2: Initial Observations 9 

E. HYPOTHESIS DEVELOPMENT 


INITIAL DATA TABLE 

Image 

ID# 


Loti q it tide 
(E) 

(Marne of 
Feature) 

{Y or H) 


Notesi r 

Comments 








□ . LOGGING INITIAL OBSERVATIONS 

Once you have discussed and finalized your initial data table columns and headings, re-create your data table on a 
separate piece of paper or using a spreadsheet, so you can log your data neatly, dearly, and consistently. You are 
now ready to look at images and log data. Go to one of the sources listed and log observations from 5-10 images on your 
neatly drawn table. 

E. HYPOTHESIS DEVELOPMENT 

Once you have made 5-10 initial observations, think about your question. Are you noticing any patterns or trends? You 
should be able to make an educated guess about how the processes related to the feature you are investigating may 
work. This educated guess about the answer to your question is called a hypothesis. A hypothesis should be formulated 
based on information and observations that can support it. Your hypothesis should also be testable, To help you 
formulate your hypothesis, answer the following questions: 

1 . What is your preliminary research question? 
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fOi STEP 2: Initial Observations wf 

E. HYPOTHESIS DEVELOPMENT 

2. Based on your current observations, what is your hypothesis (educated guess about the answer to your)? 


3. What other knowledge do you have that directly supports this hypothesis? 


F. DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION 

At this point you have formulated a question, logged initial observations, and formulated a hypothesis. Depending on how 
your teacher has structured your class participation, other groups in your class will have done the same. It is now' time to 
discuss and debate with your class to decide .'/hat question the class should focus on as a team. If you are working in 
mini research groups, you v/ill need to decide what specific question to research. Use the information below as a guide to 
discuss and debate. Be sure to have a compelling argument to convince your teammates that your question is the best to 
focus on for the team investigation: 


DISCUSSION AND DEBATE CONSIDERATIONS: 

r Preliminary Question: Refine your question so it is focused on a very specific detail related to the feature you 
are interested in researching. Make sure that detai is visible in astronaut photos. 

Data Collection Methods: List the specific data needed to be collected/logged from each image observed to 
help you answer your question. 

*■ Other Comments: Think about other comments you want to make to the cl ass, 'group, is this project easily 
doable? What makes this question interesting? Does it relate to something you are already studying in class? 
Are there important implications of your study for you, your class, or society? 
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STEP 2: Initial Observations & 

E. HYPOTHESIS DEVELOPMENT 


INITIAL DATA TABLE 

Image 

ID# 


Longitude 

(El 

ff-Jame off 
Feature) 
(V or N) 


Notes. 1 

Comments 








D, LOGGING INITIAL OBSERVATIONS 

(Jnce you have discussed and finalized your initial data fable columns and headings, re-create your data table on a 
separate piece of paper or using a spreadsheet, so you can log your data neatly, clearly and consistently You are 
nor; ready to look at images and log data. Go to one of the sources listed and log observations from 5-10 images on your 
neatly drawn table 


See initial data table abeled "Initial Data Table I — Glaciers in South America 'page 14 Fad C ). 

E. HYPOTHESES DEVELOPMENT 

Once you have made 5-10 initial observations, think about your question. Are you noticing any patterns or trends? You 
should be able to make an educated guess about how the processes related to the feature you are investigating may 
work. This educated guess about the answer to your question is called a hypothesis. A hypothesis should be formulated 
based on information and observations that can support it. Your hypothesis should also be testable. To help you 
formulate your hypothesis, complete the following: 

1 . What is your preliminary research question ? What types of changes are occurino to the glaciers found in South 
America? 
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STEP 2: Initial Observations & 

E. HYPOTHESIS DEVELOPMENT 


2. Based on your current observations, what is your hypothesis (educated guess about the answer to your question)? 
All glaciers in South America will be retreating. 


3. What other knowledge do you have that directly supports this hypothesis? We have read information about 
climate change in class that talks about warming temperatures on Earth. This information would support our hypothesis 
that all these glaciers will be retreating. 

F. DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION 

At this point you have formulated a question logged initial observations, and formulated a hypothesis Depending on how 
your teacher has structured your class participation, other groups in your class will have done the same. It is now time to 
discuss and debate with your class to decide what question the class should focus on as a team If you are working in 
mini research groups, you will need to decide what specific question to research. Use the information below as a guide to 
discuss and debate Be sure to have a compelling argument to convince your teammates that your question is the best to 
focus on for the team investigation 


DISCUSSION AND DEBATE CONSIDERATIONS: 

Preliminary Question: Refine your question so it is focused on a very specific detail related to the feature you 
are interested in researching. Make sure that detail is visible in astronaut photos. 

r Data Collection Methods: List the specific data needed to be collected. 'logged from each -mage observed to 
help you answer your question 

> Other Comments: Think about other comments you wanl to make to the dassigroup. Is this project easily 
doable? What makes this question interesting? Does it relate to something you are already studying m class? 
Are there important implications of your study for you your class, or society? 
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F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 


2. Based on your current observations, '.'.'hat Is your hypothesis (educated guess about the answer to your)? 


3. What other knowledge do you have that directly supports this hypothesis? 


F. DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION 

At this point you have formulated a question, logged initial observations, and formulated a hypothesis. Depending on how 
your teacher has structured your class participation, other groups in your class will have done the same. !t is now time to 
discuss and debate with your class to decide what question the class should focus on as a team. If you are working in 
mini research groups, you wiii need to decide what specific question to research. Use the information below as a guide to 
discuss and debate. Be sure to have a compelling argument to convince your teammates that your question is the best to 
focus on for the team investigation: 


DISCUSSION AND DEBATE CONSIDERATIONS: 

> Preliminary Question: Refine your question so it is focused on a very specific detail related to the feature you 
are interested in researching. Make sure that detail is visible in astronaut photos. 

> Data Collection Methods: List the specific data needed to be collected/logged from each image observed to 
help you answer your question. 

> Other Comments: Think about other comments you want to make to the class/group. Is this project easily 
doable? What makes this question interesting? Does it relate to something you are already studying in class? 
Are there important implications of your study for you, your class, or society? 


Expedition Earth and Beyond: Astromatenals Research and E*p3oration Science (ARES) Education - Version 3.0 

NASA Johnson Space Center 


15 



F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 


Student Presentation Guide: Be sure you are prepared to convince the class or your research group that your 

preliminary research question should be the focus for the class research investigation. 


REFINED 

PRELIMINARY 

QUESTION 


DATA 

COLLECTION 

METHODS 

(Include a bulleted 
or numbered list) 


OTHER 

COMMENTS 



As each group/individual presents their Information, take notes so you can think about which project would be best for the 
class to research as a team. At the end of all group presentations you will need to discuss, debate, and vote on which 
project should be the focus for the class or mini research group project. 


After the discussion, debates, and voting process, list the final question the class/group has decided to research: 


As a team, discuss the list of data you will need to collect and log from each image observed, Make sure everyone knows 
where to find each piece of data. It is also important to know why and how that data is essential to collect for your project. 

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education - Version 3.0 jg 
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STEP 2: Initial Observations 9 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 


Student Presentation Guide: Be sure you are prepared to convince the cEass or your research group that your 

preliminary research question should be the focus for the class research investigation. 


REFINED 

PRELIMINARY 

QUESTION 

What types of changes are occurring to the glaciers found in South America? 


* 

Image ID # 

DATA 

* 

Glacier Name 

COLLECTION 

* 

Date Image was Taken 

METHODS 

* 

4 

Latitude 

Longitude 

{Include a bulleted 

* 

Country 

or numbered list) 

• 

• 

Lens Size 

Qualitative Observations 

OTHER 

COMMENTS 

Researching this question will help to answer if the glaciers are shrinking. If the glaciers are 
shrinking, how much longer will they be around? We wonder how this will impact the water levets 
on Earth. We also think this might provide information related to climate change. 


As each group V individual presents their information, take notes so you can think about which project would be best for the 
class to research as a team At the end of all group presentations you will need to discuss, debate, and vote on which 
project should be the focus for the class or mini research group project. 


After the discussion, debates, and voting process, list the final question the class/group has decided to research 


As a team, discuss the list of data you will need to collect ana log from each image observed. Make sure everyone knows 
where to find each piece of data It is also important to know why and how that data is essential to collect for your project. 
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» STEP 2: Initial Observations wf 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 


Student Presentation Guide: Be sure you are prepared to convince the class or your research group that your 

preliminary research question should be the focus for the class research investigation. 


REFINED 

PRELIMINARY 

QUESTION 


DATA 

COLLECTION 

METHODS 

(Include a bulleted 
or numbered list) 


OTHER 

COMMENTS 



As each group/individual presents their information, take notes so you can think about which project would be best for the 
class to research as a team. At the end of all group presentations you wiil need to discuss, debate, and vote on which 
project should be the focus for the class or mini research group project. 


After the discussion, debates, and voting process, list the final question the class/group has decided to research: 


As a team, discuss the list of data you will need to collect and log from each image observed. Make sure everyone knows 
where to find each piece of data. It is also important to know why and how that data is essential to collect for your project. 

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education - Version 3.0 jg 

NASA Johnson Space Center 



STEP 2: Initial Observations 9 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 


Student Presentation Guide: Be sure you are prepared to convince the class or your research group that your 

preliminary.' research question should be the focus for the class research investigation. 


REFINED 

PRELIMINARY 

QUESTION 

What ‘ (KB'S of cnanges. ir- or aiming to tt>- iteaen- found in outh Am area 1 

DATA 

COLLECTION 

METHODS 

(Include a bulleted 
or numbered list) 

IP 

0 

0 1 r ] ci 1 i r G *1 ^ ^ f r • j " ! ! ^ 

OTHER 

COMMENTS 

R^eaKhirg ir*s: que^lior ah help to rFin-- n : : 3cie r 5 hr “ ir i It i»h glacier are 


As each group/individual presents their information, take notes so you can think about which project would be best for the 
class to research as a team. At the end of alt group presentations you will need to discuss, debate, and vote on which 
project should be the focus for the class or mini research group project. 


After the discussion, debates, and voting process, list the final question the class/group has decided to research: 

What types of changes are occurring to the glaciers found in South America? 

As a team, discuss the list of data you will need to collect and log from each image observed. Make sure everyone knows 
where to find each piece of data. It is also important to know why and how that data is essential to collect for your project. 
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m STEP 2: Initial Observations W 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 


Fill out the table below to help make sure everyone understands the importance of the cata being collected as part of your 
research. (Use additional paoe' as necessary.) 


Specific Data/Metadata You 

Will Loq 

Brief Explanation of Importance of this Data for Your Research 
















Remember the nltlal cata table you created In Part D (page 14)? Everyone should create anc use Ihe same data table to 
log the informal or you included above. Remember, ogging data consistently is extremely important. Take sonre time to 
create your team data table now. 


If your proposed question was not selected as ihe question the team wil fccus on, do not feel bad, All team scientists 
need :o learn to compromise, come to a consensus, and move forward together, You can always continue tc research 
your interests or vour own, You now have the chance to contribute to your team project and provide data that wi J help 
others understand more aboul our planet, Vour team research is very important end can be shared with othe' sLdenEs 
across the nation as well as with NASA scientists 1 
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m STEP 2: Initial Observations W 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION 

Fill out the table below to help make sure everyone understands the importance of the data being collected as pad of your 
research . ( U se add itional paper as necessary. ) 


Specific Data/Metadata You 
Will Log 

Brief Explanation of Importance of this Data for Your Research 

Image ID Number 

This will allow us or anyone else to find this image again 

Glacier Name 

This will altow us to keep our data organized as well as help us to refer back to the 
image We can also research information on each glacier 

Dale Image Was Taken 

We will be able 1o compare images and look tor changes over a penod of time 

Latitude 

This along with longitude will help us to identify the location of the image 

Lonoilude 

This along with latitude will help us to identify the location of the image 

Country 

We will be able to better understand the location of the feature we are studying 

Lens Size 

This provides us with information about the camera that was used to capture the 
image 

Qualitative Observations 

This information will help us determine what features and characteristics can be seen 
in the image to further our study. 


Remember the initial data table you created in Part D (page 14)? Everyone should create and use the same data table to 
tog the information you included above. Remember, logging data consistently is extremely important, Take some time to 
create your team data table now 

If your proposed question was not selected as the question the team will focus on, do not feel bad, All team scientists 
need to team to compromise, come to a consensus, and move forward together. You can always continue to research 
your interests on your own. You now have the chance to contribute to your team project and provide data that will help 
others understand more about our planet. Your team research is very important and can be shared with other students 
across the nation as well as with NASA scientists! 
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STEP 2: Initial Observations 

Team Workspace Suggestions 



WHAT TO POST ON YOUR TEAM WORKSPACE: 

1 . List the research question your class decided to focus on as 
a team. 

2. List sources to view astronaut photos. 

3. List the specific data the team will log from each astronaut 
photo. 

4. List your team’s hypothesis. 





STEP 3: 

Background Research 

IMPORTANT ASPECTS OF STEP 3: 

•Looking for background research from books, scientific journals or 
magazines, the internet, or scientists is important to help you 
understand what is already known about what you are investigating. 

•It is important to keep track of sources you use as part of your 
research. Citing sources allows others to gain confidence in your 
research and it also gives credit to the person(s) who did the work 
you are now using. 

•It is important to continue to collect and log data from images. 


MAIN GOALS OF STEP 3: 

1 . Gather basic background research and information. 

2. Log bibliographical and summary information from each source. 

3. Continue to collect and log data. 








STEP 3: Background Research 


STEP 3: Background Research 



process. 


Dnce you decide or, a team research question, which may sti I get further retired, it Is important to become 
familiar with what cipher scientists already know about the subject. Think about the specific feature that s 
the focus of your question. What Earth system is most closely related to your feature of Interest 
[biosphe'e, atmosphere, hydrosphere, geortithosphere) and now is i: related? These are sample 
questions to answer as you conduct your investigation. Conducting background 'esearch is an ongoing 
You should continually gain knowledge and became aware of information that alreacy exists. Building on 


existing knowledge is an importer! port of the scentific process, so you ca- avod 'reinventing the wheel." 


As you continue yo^r research, it is essential to constantly remind yourself of your research question and hypothesis. 
This will allow you to gather background research related specifically to your investigation. List your question and 
hypothesis in the spaces provided: 

Research Question: 


Hypothesis: 


Potential Sources for Background Research 

As you conduct your background research, you must keep track of references you use to obtain facts, general 
informaton, figures, or images. When you log and post information or wife up your results, you must cite you' 
references. Any ’act, figure, o' image you use neeos to be credhed oy referencing it in your text and alsc including the 
actual source in your rgfg--gnce or bibliography sect on. This allows readers to check your sources and gain confidence in 
vour ^search and conclusions. It also gives credit to the oerson{s) who did the work you are now using. Citing resources 
appropriately is extremely important. ALL scientists do this! 


The following four sources may be useful for your research: 

1. Books: Books offer a weath o - ' information that has been written, reviewed, and published. These reliable 

sources of information are strongly recommended as you conduct your research. 

RqieslfleiFi R-mi snn Hpvnnr" flEtmjreiferl.i .q R^se^rrh .inti Fiplrralnn Knlprrf iARFS; =rijrallr.ii - VfrTtlnn .1 fi 1 g 

W&A JorrEon Liert&r 




STEP 3: Background Research 



2. Journal Articles/ Magazines: Scisntric ournals or magazines oTer some of the latest information and woud be an 
excellent source For your research. Some journal articles may be written at a very high level, but they \vi! give you 
insight into scientists' 1 hi n king today about a specific topic, 


3. Electronic Sources f Internet): if ycu are using the Interne: as a source or information, you should be care'ul you 
are using reliable sources. NASA sites would be considered reliable as would most edu or .gov sites. The nternet 
should never be :he sole source of you f research, but It s a great place to start. Sites like Wikipedia 
( h ttp: f j r wj ki p ed ia . o rg ) can be a great starting point but should net be the only internet source you use Some of the 
Information on Wikipedia may not be accurate. 

4. Scientists cl e nee Expert. Communication cr p-esentatlonc given by a scientist are alsc great sources. For 
example, you may participate in a distance learning conference, if there is information that pertains to your 
Investigation, you can use ard Include tha: Information as part of your research 


For each type of reference or source, make sure ycu log the following information' 


BOO Kj JOURNAL' MAG AZIN E 

a) Author Mame(s) {Last name, first name j 

c i Name of BookJoumal/MagsziJie 

c) Publisher 

d) '’foai ot pLibltLalkiri 

e) I ’ages where information was obcaned 
fj Su mnaiy of irfoi mu lion ubLaii rod 


ELECTRONIC SOURCE {Internal) 

a) Aether Name(s) (if one exists) 

b) Name of webslle 

r.) Pub ication dale (if nnfr is listed) 

J) Dala(s) you accessed Hie site 

e) Website address 

f) Summary uf i lfoimalijii ublaii ed 


SCIENTIST/SC !ENGE EXPERT 

a) Sciercis: Name (Lest name, frst n-?ms) 

b) Affiliation (where scientist works) 
r.'i Data nf conversation 

d) Means of communication (Wiki 

d stance learning connection, personal 
communication) 

e) Sunmaiy ofinfoniaLioii upturned 


Gather Information from a^y of these sources. Include each of the details listed above In ycur bibliography, except fo' the 
summary information. The summary information helps you remember what details you obtaned from that source for 
possible 'efenenclng later in your oraject. 
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Source Information Log Sheet (pg 28) 




Fill in the information below for each source you will use/have used for your research. 

SOURCE #1 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 


SOURCE #2 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 
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STEP 3: Background Research 

[ STEP 3: Background Research | 

Once you decide on a team research question, which may still get further refined, it is important to beconre 
familiar with what other scientists already know about the subject- Think about the specific feature that is 
the foots of your question. What Earth system is most closely related to your feature of interest 
{biosphere, atmosphere, hydrosphere, geo/lithosphere) and how is it related? These are sample 
questions to answer as you conduct your investigation. Conducting background research is an ongoing 
process. You should continually gain knowledge and become aware of information that already exists. Building on 
easting knowledge is an important part of the scientific process, so you can avoid “reinventing the wheel " 

As you continue your research, ft is essential to constantly remind yourself of your research question and hypothesis. 
Thrs will allow you to gather background research related specifically to your investigation List your question and 
hypothesis in the spaces provided: 

Research Question: 

What types of changes are occurring to the glaciers found in South Amenca? 


Hypothesis: 

All glaciers in South Amenca will be retreating 


Potential Sources for Background Research 

As you conduct your background research, you must keep track of references you use to obtain facts, general 
information, figures, or images, When you tog and post information or write up your results, you must cite your 
references. Any fact, figure, or image you use needs to be credited by referencing it in your text and also including the 
actual source in your reference or bibliography section, This allows readers to check your sources and gain confidence in 
your research and conclusions. It also gives credit to the person(s) who did the work you are now using. Citing resources 
appropriately is extremely important. ALL scientists do this! 

The following four sources may be useful for your research: 

1 Books: Books offer a wealth of information that has been written, reviewed, and published. These reliable 

sources of information are strongly recommended as you conduct your research. 
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STEP 3: Background Research 



To proper y cte a written source within he text of your parser, presentation, or other document, you would induce the 
author and year ot pub! cation In parenthesis after ycur cited Information (Example: Graff, 2009). It there are multiple 
authors, you would indicate Ihis by using eta/, afte' the lead author’s rams (Example' Graff et al.. 2009). For websites, 
you would include he website [Examoie: www.nasa.gov). To orcperly cite information from a scientist or sc ence expert, 
you would include he scientist's name and indicate that it was personal communication (Example: Graff, personal 
commun cat on, 2009) 


Basic Background Research and Information 

As you conduct your research, the*e is certain information you should consicfe*. Your research should focus on a specific 
feature yo- co- see in astronaut images of Earth You shou d be able to tell ethers general information about hat feature. 
This includes what the feature looks ike in astronaut photographs. It may also include information about where you might 
find this type of feature on Earth and how it forms. It is also mponant, if you wi I do a planetary comparison, to rncude 
this saTe information about th:s feature on whatever planetary' b<kfy you will investigate, 

The Follows "g list of questions is provided to help guide some ot ycur background research. This information may charge, 
or you may update it as you learn more, The'e may be olher nformatio^ you fee is important 1o include as well. Add his 
info'mation as appropriate. To provide additional information for your quest on, use additional paper as necessary. 

1 . IMPORTANT DEFINITIONS: Name and define the feature(s) you are studying as the focus of your research. Include 
other terms associated with your research that are important to understand. 
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STEP 3: Background Research® 


To properly cite a wntten source within the text of your paper, presentation, or other document, you would include the 
author and year of publication in parenthesis after your cited information {Example: Graff. 2009). If there are multiple 
authors, you would indicate this by using ef al. alter the lead author's name [Example: Graff ef al., 2009). For websites, 
you would include the website ( Example www.nasa.gov). To properly cite information from a scientist or science expert, 
you would indude the scientist's name and indicate that it was personal communication ( Example Graff, personal 
communication, 2009). 

Basic Background Research and Information 

As you conduct your research, there is certain information you should consider. Your research should focus on a specific 
feature you can see in astronaut rmages of Earth. You should be able to tell others general information about that feature. 
Thts includes what the feature looks like in astronaut photographs, It may also include information about where you might 
find this type of feature on Earth and how it forms. It is also important, tf you will do a planetary comparison, to include 
this same information about this feature on whatever planetary body you will investigate. 

The following list of questions is provided to help guide some of your background research This information may change, 
or you may update it as you leam more. There may be other information you feel is important to include as well Add this 
information as appropnate To provide additional information for your question, use additional paper as necessary. 

1 . IMPORTANT DEFINITIONS: Name and define the feature(s) you are studying as the focus of your research. Include 
other terms associated with your research that are important to understand. 

• Glacier - a mass of freshwater ice that formed by accumulation of snowfall on land and flows slowly downhill in 
response to gravity 

• Alpine or Valley Glacier - a glacier that forms in a mountain valley 

• Crevasse - a deep crack or crevice in Itie ice of a glacier 

• Iceberg - a large mass of ice detached from a glacier and floating in the sea or a lake 

• Moraine - a mass or ridge of earth, rock. etc. deposited on the sides (lateral moraine), end (terminal moraine), 
or between (medial moraine) a glacier 

• Valley - a broad area of low-lying land situated between hills or mountains and usually having a over or stream 
flowing along its bottom 

• Calving - the breaking off of an ice mass from the parent glacier 

• Terminus - the end of a glacier 
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STEP 3: Background Research 



2. EARTH SYSTEM INFORMATION: Exp ain basic information about this faatursis) ine tiding which Earth system it is 
related to (I itho/geo sphere. hycrasphe r s, atmosphere, or biosphere) and how it is relates to that system. 


a. Although there is always an interaction between Earth's systems, which system s most closely related to the 
feature's) you are studying'? 


b. What Is the sgnlflcance/1 import ance'Tcle cf the feature with n this Earth system^. 


c. If the ~eature you are researching, as part cf your study, clays a majcr role in another Earth system, please explain. 


3. FORMATION PROCESS: 

a. Describe the process of how this feature is formed 
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STEP 3: Background Research®^ 

2. EARTH SYSTEM INFORMATION; Explain basic mformatiori about this feat u re (s) including which Earth system it is 
related to (I it ho/geosphere. hydrosphere, atmosphere, or biosphere) and how it is related to that system. 

a. Although there is always an interaction between Earth's systems, which system is most closely related to the 
feature(s) you are studying? Glaciers are associated with the hydrosphere 

b What is the signrfi can ce/impcrtanc el role of the feature within this Earth system? Giacers no Id large 

quantities of fresh water 


c. If the feature you are researching, as part of your study, plays a major role in another Earth system, please explain. 
Glaciers also impact the oeo/lithosphere by changing the appearance of the surface of the land as they move over it . 


3. FORMATION PROCESS: 

a. Describe the process of how this feature is formed. 

Glaciers take hundreds of years to form Snow builds up over time turning into layers of ice The weight of the snow 
builds up year after year and compresses the layers together 
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raL STEP 3: Background Research 


& 


c. Draw a sketch or diagram with labels to illustrate how this feature forms 


4. FEATURE DESCRIPTION OR CHARACTER STIC S. 

a. What specific characteristics a j e used to identify this features ) in an mage*; 


b. Are there any features Ihat look simile' to the feeturs(s) you are studying but are actual y something slse?_ 


c. How do you make sure you are not mis identifying this feature? . 
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STEP 3: Background Research 


b. Draw a sketch or diagram with labels to illustrate how this feature forms. 




4. FEATURE DESCRIPTION OR CHARACTERISTICS: 

a. What specific characteristics are used to identify this featurefs) in an image? A glacier is a large mass of ice and 

snow located in a mountainous area It often has chunks of ice at the end of the glacier Throughout the glacier, 
there may be visible lines or streaks 

b, Are there any features that look similar to the feature(s) you are studying but are actually something else? 

Pictures of snow on the ground can also be mistaken for glaciers 


C , How do you make sure you are not rn is identifying this feature? To make sure you are identifying glaciers 

use the characteristics listed above. 
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STEP 3: Background Research 


5. AST RON ALT IMAGES WITH THIS FEATURE; Li si the image den till cation number* for at least three astronaut 
^holographs that include the feature(s) you are investigating Include a thumbnail image of each listed astronaut 
^holograph or include a sketch of each image in the boxes below, 

A. E. C. 


6. GEOGRAPHIC REGION OF FOCUS: What spectfi" geographic region(s) on Eah* wi I yo^ ’ : ocus on to observe this 
feature(s), and why? Regions can be continents, countries, latitude; longitude ranges, cr some other geographic 
distinction 
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STEP 3: Background Research 



5, ASTRONAUT IMAGES WITH THIS FEATURE List the image identification numbers for at least three asfronaut 
photographs that include the feafure(s) you are investigating Indude a thumbnail image of each listed astronaut 
photograph or indude a sketch of each image in the boxes below 

A ISS010-E-5afl7 6. IS5022-F C . ISSOOS-E 0260 



6, GEOGRAPHIC REGION OF FOCUS: What specific geographic region(s) on Earth will you focus on to observe this 
feature(s). and why? Regions can be continents, countries, latitude/longitude ranges, or some other geographic 
distinction. 

Our geographic region of focus ts South America We seemed to have the easiest time finding large numbers of 
astronaut images of glaciers showing change over extended periods of lime in this region 
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STEP 3: Background Research 


7. PLANETARY COMPARISON; If you plan to conduct a planetary body comparison, what p anelary body will you 
compare his feature :o on Earth? Inc ude an explanation as tc why you selected this planetar/ body. 


If you plan to conduct a planetary body comparison, you should understand how this feature anc related processes wort; 

Earth first. At this ooht yo- may consider the possibility of doing comparative resea'ch but you are encouraged to 
complete your Earth-based research first. 


Continue Logging Data and Making Additional Observations 



As you continue with your resea'ch. making observations of Images s also part cf background Informal on, 
“he mere observations you log, the more you wi 1 gain an understand ng cf how the process associated with 
your features') may work. Use your team data table i discussed on pace '7) to log ali information agreed 
upon -'or every image you observe At this point you should be making observations and logging data. 
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STEP 3: Background Research*®^ 

7. PLANETARY COMPARISON: If you plan to conduct a planetary body comparison, what planetary body will you 
compare this feature to on Earth? Include an explanation as to why you selected this planetary body. 

We would compare Earth to Mars The European Space Agency s Mars Express released an image of Kasei Valles taken 
on February 25. 2005. The picture indicates the possibility of glacier activity. 


Note This student model will focus on the study of glaciers on Earth only, but students could do a planetary comparison 
later on as an extension. 


tf you plan to conduct a planetary body comparison, you should understand how this feature and related processes work 
on Earth first. At this point you may consider the possibility of doing comparative research but you are encouraged to 
complete your Earth-based research first. 

Continue Logging Data anti Making Additional Observations 



As you continue with your research, making observations of images is also part of background information. 
The more observations you log, the more you wiN gain an understanding of how the process associated with 
your feature(s) may work. Use your team data table (discussed on page 17) to log all information agreed 
upon for every image you observe. At this point you should be making observations and togging data. 
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STEP 3: Background Research 
Team Workspace Suggestions 



WHAT TO POST ON YOUR TEAM WORKSPACE: 

1 . List important terms and definitions specific to your research. 

2. Explain basic information about which Earth system the feature you are 
studying is related to and how it is related to that system. 

3. Describe and/or show how this feature is thought to form. 

4. Describe the characteristics or criteria for identifying this feature in 
astronaut photographs. 

5. List or show 2-3 astronaut images that include the feature you are 
investigating. (List Image ID#s, links to images, or thumbnail or sketch 
of images.) 

6. List the specific geographic region(s) on Earth you will focus on to 
observe this feature and why. 

7. If you will conduct a planetary comparison, please explain. 

8. List any other important details about your research. 

OTHER RECOMMENDATIONS: 

1. List the complete bibliographical details from each source used in the BIBLIOGRAPHY 
section of your Team Workspace. 

2. List other useful glossary terms in the GLOSSARY section of your Team Workspace. 





STEP 4: 

Experiment Design 

IMPORTANT ASPECTS OF STEP 4: 

•With your developing knowledge and observations, you will 
likely adjust and refine your preliminary question. 

•Once you “finalize” your question, it is essential to decide on a 
strategy, a list of steps or methods, to gather data consistently 
to help you answer your question. 

MAIN GOALS OF STEP 4: 

1 . Finalize your research question. 

2. Finalize your plan on what data to collect and where you will 
gather that data. 

3. Make sure everyone logs data consistently. 





STEP 4: Experiment Design 




i STEP 4: Experiment Design } 

By this time you have looked at many images that include the feature(s) you are researching. You should 
have also learned more about processes associated with this feature. As you learn more, refinements and 
changes to your question may occur. Before you move on, you should revisit your current research 
question. Decide if your question should be refined or even changed. 

Once you finalize your question and hypothesis, the rest of your research should focus on answering your question and 
either supporting or refuting your listed hypothesis. This step in the process of science also involves formalizing your list 
of procedures or methods to conduct your experiment (experimental design). 



Refining your question: List your current research question. Based on new knowledge you now have and observations 
you have made, discuss and refine this question as necessary. Once the team agrees upon the final refined research 
question, be sure to also refine your hypothesis, include observations and knowledge that support this hypothesis. 


Current Research 
Question 


Suggested 
Refined Research 
Question 


Final Refined 
Research 
Question 

(After discussing 
options with the class) 


Hypothesis 

(Include observations 
and other knowledge 
that support this 
hypothesis.) 
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STEP 4: Experiment Design 

By this time you have looked at many images that include the feature(s) you are researching. You should 
have also learned more about processes associated with this feature. As you learn more, refinements and 
changes to your question may occur. Before you move on, you should revisit your current research 
question. Decide if your question should be refined or even changed. 

Once you finalize your question and hypothesis, the rest of your research should focus on answering your question and 
either supporting or refuting your listed hypothesis. This step in the process of science also involves formalizing your list 
of procedures or methods to conduct your expenment (expen mental design). 



Refining your question: List your current research question. Based on new knowledge you now have and observations 
you have made, discuss and refine this question as necessary. Once the team agrees upon the final refined research 
question, be sure to also refine your hypothesis. Include observations and knowledge that support this hypothesis. 


Current Research 
Question 

What types of changes are occurring to the glaciers found in Soulh America? 

Suggested 
Refined Research 
Question 

What types of changes are occurring to the glaciers found in Argentina and Chile? 

Are the glaciers retreating, advancing, or staying the same? 

What types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno, Chico, 
and Grey) found in South America? 

Final Refined 
Research 
Question 

(After discussing 
options with the class) 

What types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno, Chico, 
and Grey) found in South America? 

**Wote; Some groups may further refine their question or may leave the question as originally written/* 

Hypothesis 
(Include observations 
and other knowledge 
Itiat support this 
hypothesis.) 

All five glaciers will have visible and measureable evidence of retreat 

We base this hypothesis on the images we have observed so far We also base this on 
information we read in class that talks about wanning temperatures and climate change on Earth. 
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STEP 4: Experiment Design 

EXPERIMENT DESIGN (METHODS) 

It is important to make sure everyone is collecting the same data from each image and that the experimental design for 
collecting your data is consistent. Answer the following questions. Then discuss these questions as a team. It is 
important to make sure you and your teammates are consistent with your plan. 

IMAGE DATA COLLECTION: 

1. Name and describe the specific data set you will use as the primary source of image data for your research of Earth. 


2. List each specific piece of data you will log from each image you observe (see your team data table discussed on page 
17 for reference): 


3. How many images, at a minimum, will you observe overall in order to draw conclusions about your research? 

4. What specific geographic region(s) on Earth will you focus on to gather your data? 
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STEP 4: Experiment Design 



EXPERIMENT DESIGN {METHODS) 

It is important to make sure everyone is collecting the same data from each image and that the experimental design for 
collecting your data is consistent. Answer the following questions. Then discuss these questions as a team. It is 
important to make sure you and your teammates are consistent with your plan. 


IMAGE DATA COLLECTION: 

1 . Name and descnbe the specific data set you will use as the primary source of image data for your research of Earth. 
Our class decided we would use the Google Earth link within the Astronaut Photography of Earth Website 
{http://eol.jsc.nasa.Qov/scripts/SSEOP/GooQleMapsQuery.p1) to locate glaciers that are in South America (Chile and 
Argentina). Once we did this, we were able to get a list of the glaciers. 


2. List each specific piece of data you will log from each image you observe (see your team data table discussed on page 


17 for reference): 

Image ID Number 

Glaaer Name 

Qualitative Observations 

Date Image Was Taken 

Latitude 

Longitude 

Country 

Lens Size 



3. How many images, at a minimum, will you observe overall in order to draw conclusions about your research? 15. 

4. What specific geographic region(s) on Earth will you focus on to gather your data? 

We will focus on the Patagonian Ice Fields in South America (Argentina and Chile I . 
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STEP 4: Experiment Design 


OTHER DATASETS: 

1. What other data sets of Earth will you use. if any, to support your research of Earth?, 



2. Explain how you will use each of these other data sets to help support your research? 


MEASUREMENTS: 

If you are going to make measurements, list the procedure you will use to ensure all measurements are made in the same 
consistent manner. This may be a list of steps or instructions you will follow. 


SOURCES: 


List each source you will use to gather data AND include bibliographical information (see information provided below), if 
there is specific information you need to elaborate on regarding how to navigate a website to retrieve your 
data/information, feel free to provide those details. Use additional paper, as necessary. 


BOOK/JOURNAL/MAGAZINE 

a) Author Name(s) (Last name, first name) 

b) Name of Book/JoumaLMogazine 

c) Publisher 

d) Year of publication 

e) Pages where information was obtained 

f) Summary of information obtained 


ELECTRONIC SOURCE (Internet) 

a) Author/Organization (if available) 

b) Name of website 

c) Publication date {if one is listed) 

d) Date(s) you accessed the site 

e) Website address 

f) Summary of information obtained 


SCIENTIST/SCEENCE EXPERT 

a) Scientist Name (Last name, first name) 

b) Affiliation (where scientist works) 

c) Date of conversation 

d) Means of communication (Wiki, 
distance learning connection, personal 
communication) 

e) Summary of information obtained 
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STEP 4: Experiment Design 


OTHER DATA SETS: 

1. What other data sets of Earth will you use, if any, to support your research of Earth? We will use Google Earth. 



2. Explain how you will use each of these other data sets to help support your research? We will use Google Earth to 
measure any changes in the glaciers based upon surrounding landmarks. 


MEASUREMENTS: 

If you are going to make measurements, list the procedure you will use to ensure all measurements are made in the same 
consistent manner. This may be a list of steps or instructions you will follow. 

o We will find the glaciers we are studying in Google Earth. 

o We will identify a permanent feature in Google Earth found near the end of the glacier as it appears in each 
of the astronaut photographs and measure the feature using Google Earth's measunng tod, and use that as 
a standard. 

o If the images 'were taken using different focal length lenses, we will enlarge or shnnk the image so that the 
size of the feature appears to be the same in eaeh image. 

o We will try to only use images that were taken as dose to the nadir angle as possible. 


SOURCES: 

List each source you will use to gather data AND include bibliographical information (see information provided below). If 
there is specific information you need to elaborate on regarding how to navigate a website to retrieve your 
data/information, feel free to provide those details. Use additional paper as necessary. 


BOOK/J OU RN AUMAGAZIN E 

a) Author Naime(s) {Last name, first name) 
b} Name of BodtfJoumal/Magazine 

c) Publisher 

d) Year of publication 

e) Pages where information was obtained 

f) Summary of information obtained 


ELECTRONIC SOURCE (Internet) 

a) Author/Organization (if available) 

b) Name of website 

c) Publication date (if one is listed) 

d) Datefs) you accessed the site 

e) Website address 

f) Summary of information obtained 


SCIENTISTfSCIENCE EXPERT 

a) Scientist Name (Last name, first name) 

b) Affiliation (where scientist works) 

c) Date of conversation 

d) Means of communication (Wiki, 
distance learning connection, personal 
communication) 

e) Summary of information obtained 
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STEP 4: Experiment Design 



Fill in the information below for each source you will use/have used for your research. 

SOURCE #1 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 


SOURCE #2 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 
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SOURCE #3 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 


SOURCE #4 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 


As necessary, include additional sources of information or additional details retrieved from each source on a separate 
piece of paper. 
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STEP 4: Experiment Design 



Fill in the information below for each source you will use/have used for your research. 

SOURCE #1 

SOURCE TYPE {circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Author/ Organization: Image Science and Analysis Laboratory, NASA-Johnson Space Center 

Name of website: The Gateway to Astronaut Photography of fearth 

Publication Date: January 10, 201 1 - May 6, 201 1 

Date Accessed: January 10, 201 1 - May 6, 201 1 at least once a week 

Website Address: http://ed.jsc.nasa.gov/ 

SUMMARY OF INFORMATION OBTAINED: 

We obtained the astronaut photographs and metadata used for our research at this site. We also obtained background 
information from the captions written for many of the images. 


SOURCE #2 

SOURCE TYPE {circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Author/Organization: Google 

Name of website: Google Earth 

Publication Date: ©201 1 Cnes/Spot Images. ©201 1 

Date Accessed: April 25, 201 1 - May 6, 201 1 

Website Address: http://www.qooale.com/earth/index.htmL 

SUMMARY OF INFORMATION OBTAINED: 

We used Google Earth to zoom into the region where the glaciers we were studying are located. We also used the 
Google Earth measurement tool to determine the approximate change to each glacier s terminus from one date to 
another. We were able to create our regional and continental maps using this website as well. 


Expedition farm and Beyond: rtesearcr and Exp^rarUor Science lARES^faocaion- Veraton 3.0 

NASA Jttfnsor Cemer 


2 $ 


STEP 4: Experiment Design 


SOURCE #3 

SOURCE TYPE {circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Author/Organization: BBC News 
Name of website: BBC News 
Publication Date: Not listed 
Date Accessed: February 16, 201 1 
Website Address: 

http://news.bbc.co uk/2/shared/spl/hi/picture_gallecy/05/sci_nat_l , vow_tbe_woridjs_chang! ng/html/ 1 . stm 

SUMMARY OF INFORMATION OBTAINED: 

This website provided us with information, data, and pictures taken of the Upsala Glacier. The data included 
measurements taken from various expeditions to the glacier. It stated that Argentina's Upsala Glacier was once the 
biggest in South America, but it is now disappearing at a rate of 200 meters per year. 

SOURCE #4 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Scientist Name: Runco, Susan 
Affiliation: NASA Johnson Space Center 
Date of conversation: February 14, 201 1 
Means of communication: personal communication 

SUMMARY OF INFORMATION OBTAINED: 

We discussed how astronaut photographs are continuing to be acquired to aid in the study of South American 
glaciers. Dr Runco talked about how it has been noted that these glaciers appear to be changing overtime. 


As necessary, include additional sources of information or additional details retrieved from each source on a separate 
piece of paper. Note: See Additional Source Pages I and 2. 
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STEP 4: Experiment Design 

Additional Source Page 1 

SOURCE# 5 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Author/Organization: PATAGONIA-ARGENTINA COM 
Name of website: PATAGONIA-ARGENTINA- COM 
Publication Date: © 1999 - 201 1 Patagoria-Argenlina.com 
Date Accessed: February 16, 201 1 

Website Address: http://www.DataQonia-arQentina.com/iyandina/Qjaciares/alaciampsala.php 

SUMMARY OF INFORMATION OBTAINED: 

This website provided us with information, data, and pictures taken of tbe Upsala Glacier. The data included 
measurements taken from various expeditions This site also stated that Argentina's Upsala Glacier was once the 
biggest in South America, but rt is now disappearing at a rate of 200 meters per year. 


SOURCE #_6_ 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Author/Organization: Extreme Ice Survey 
Name of website: Extreme Ice Survey 
Publication Date: © 201 1 Extreme Ice Survey 

Date Accessed: January 10, 201 1 - February 1 1 , 201 1 at least twice a week 
Website Address: http://www. extremeicesurvey.org/index.php 

SUMMARY OF INFORMATION OBTAINED: 

This website gave us background information about glaciers as well as detailed information about glaciers and climate 
change. 
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Additional Source Page 2 

SOURCE # 7 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 

BIBLIOGRAPHICAL INFORMATION: 

Author/Organization: Argentina Travel Guide 
Name of website: All About AR: Argentina Travel Guide 
Publication Date: ©2010 All About AR 
Date Accessed; February 16, 201 1 

Website Address: http://www. a1laboutar.com/ard cala perito moreno. htm 

SUMMARY OF INFORMATION OBTAINED: 

This website provided us with information, data, and pictures taken of the Pento Moreno Glacier The data included 
measurements taken from vanous expeditions The site stated that the Perito Moreno Glacier is unique in a variety of 
facets, induding its size, scientific significance, and accessibility, This site stated that the glader is advancing. 


SOURCE# 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other 
BIBLIOGRAPHICAL INFORMATION: 


SUMMARY OF INFORMATION OBTAINED: 
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Team Workspace Suggestions 


WHAT TO POST ON YOUR TEAM WORKSPACE: 

1 . List the team’s final research question. 

2. List your team’s hypothesis. Include a brief explanation of observations 
and other knowledge that support this hypothesis. 

3. List the specific data you will log from each astronaut photograph or 
image you observe. If you are focusing on a specific region of Earth, 
provide those details as well. 

4. If you will use any other data sets to support your research, explain what 
other data you will gather and how you will use that data to help answer 
your question. 

5. Include details of what you will measure in addition to the procedure you 
will use to obtain your measurements. 


RECOMMENDATION: If you have multiple websites or sources you will use 
for data collection, be sure to list each one separately in the 
BIBILIOGRAPHY section of your Wiki. 





STEP 5: Collect & 
Compile Data 



IMPORTANT ASPECTS OF STEP 5: 

•Data must be collected and logged consistently. 

•Once team members have collected data, it needs to be compiled onto 
one master data table so all the data can be displayed and later analyzed. 

•The more data you have, the better your conclusions. 


MAIN GOALS OF STEP 5: 

1 . Collect and compile data into a master data table(s). Make sure all data 
is logged for every image and make sure the data is logged consistently. 

2. Decide what new data you might want to request. Fill out and submit a 
Data Request Form (1 request form per class). 




00 mpife 



STEP 5: Collect & Compile Data 


[ STEP 5: Collect and Compile Data J 




Once you have your experiment design in place, you will continue to collect and compile your data. You 
should have an overall goal for the number of images you want to observe. This number should be based 
on what your team believes is a suitable amount of observed images to draw conclusions about your 
question. Once you have all the data you planned to collect, you will want to compile the data from each 
team member Into one master data table. 

As you compile the data, make sure that you have a complete set of logged data for every image. You may have logged 
information from an image someone observed early in the process before the data table was finalized. If this is the case, 
be sure to go back and log any missing data. Once all the data is included on the master data table, clean up the data by 
making sure it is all recorded consistently. If you have a hand-written data table, consider recreating it using a 
spreadsheet (i.e., Microsoft Excel, Google Docs). 

When you have your master data table with all your data compiled, you may decide there is additional image data you 

wish you had as part of your research. First, make sure the data relates to your research. Second, as an Expedition 

Earth and Beyond (EEAB) participating team, you have the opportunity to request new data. There are certain 
requirements for submitting a request for new- data. They are: 


♦ Only one Data Request Form per class can be submitted. Forms are available on the EEAB website. 

♦ Only the teacher/adult facilitator can submit the Dafa Request Form. 

• The Data Request Form includes a section to be filled out by the teacher and information that should be filled 
out by student team members. 

* If your team submits a Data Request Form, you must realize it may take a month, semester, or more to acquire 
that image. Completing your team research should not depend on a new image. See the Student Scientist 
Introduction PowerPoint presentation for image acquisition factors. 

After your Data Request Form has been submitted, the team should continue with their research. Remember, finishing 
your team research should not depend on a new image of Earth. 


Submitting a DATA REQUEST FORM is OPTIONAL. Only one form can be submitted per class. 

ii ! * 
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Data Request Form 



,* EXPEDITION EARTH AND BEVOND 

DATA REQUEST FORM 
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Wikispaces 


Team Workspace Suggestions 


WHAT TO POST ON YOUR TEAM WORKSPACE: 

•Your master data table(s) that includes of all your team's 
collected and compiled data. If you collect additional data, 
you should post an update of your data table(s). 

•List details about the 2 image requests you will 
submit/submitted to NASA to have included in the Crew Earth 
Observation target list sent to astronauts on board the 
International Space Station. 





STEP 6: Display Data 



IMPORTANT ASPECTS OF STEP 6: 

•Displaying your data helps you organize it. 

•You can display data in a variety of ways: 

1 . Data table 

2. Graphs 

3. On a Map 

4. Annotated or captioned image illustrations 

•General observations of data displays help you think about general trends 
the data are showing. 


MAIN GOALS OF STEP 6: 

1 . Decide on the different ways to display your data. 

2. Create your data displays. 

3. List observations of data displays. 





STEP 6: Display Data 


f STEP 6: Display Data ] 

Science research projects and investigations are strengthened by the data that provides evidence to 
support conclusions. Therefore, displaying your data is extremely important. Once you have finished 
collecting and compiling your data you will need to make sure you can list, organize, and display your data 
clearly. This will allow you to answer your question and support or refute your hypothesis. 


With every aspect of your research, but especially as you get ready to display your data, it is important for you to focus on 
your research question and initial hypothesis. State these below. 




With your question and hypothesis in mind, there are three action items you should follow as you consider displaying your 
data. Each action item is described in more detail in the pages that follow. 

DISPLAY DATA ACTION ITEMS: 

A. Discuss data display options: Look at the four data display options described in this section (data table, 
graphs, maps, image il I u stations), and decide which ones best apply to your research. 

B. Create your data displays: Discuss and decide on a strategy for the team to have groups or individuals create 
your data displays. 

C. Make observations of the data: Once you have your data displays created, it is important to make observations 
of the data. Any observations you make should simply indicate general patterns or trends you are noticing. 

These observations should relate to your research question. At this point you should not state any 
inferences about what the data means for your project. 
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[ STEP 6: Display Data 



Science research projects and investigations are strengthened by the data that provides evidence to 
support conclusions. Therefore, displaying your data is extremely important. Once you have finished 
collecting and compiling your data you will need to make sure you can list, organize, and display your data 
dearly. This will allow you to answer your question and support or refute your hypothesis. 


With every aspect of your research, but especially as you get ready to display your data, it is important for you to focus on 
your research question and initial hypothesis. State these below, 

Research Question: 

What types of changes are occurring to the five glaciers (Viedma. Upsaia. Perito Moreno. Chico, and Grey) found in 
South America? 

Hypothesis: 

All five glaciers will have visible and measureable evidence of retreat. 


With your question and hypothesis in mind, there are three action items you should follow as you consider displaying your 
data. Each action item is described in more detail in the pages that follow. 

DISPLAY DATA ACTION ITEMS: 

A. Discuss data display options: Look at the four data display options described in this section (data table, 
graphs, maps, image illustrations), and decide which ones best apply to your research. 

B. Create your data displays: Discuss and decide on a strategy for the team to have groups or individuals create 
your data displays. 

C. Make observations of the data: Once you have your data displays created, it is important to make observations 
of the data. Any observations you make should simply indicate general patterns or trends you are noticing. 
These observations should relate to your research question, At this point you should not state any 
inferences about what the data means for your project. 
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STEP 6: Display Data & 

A. DATA DISPLAY OPTIONS 

All teams should have an organized master data table that includes the data collected and compiled by all team members. 

You should have already compiled your data into a master data table in Step 5 of your research. If you hove not yet 
completed this, do so before you continue. This is essential for your team to have completed as you consider the data 
display options 

Consider the following four options to display your data. Discuss these as a team and decide which ones best apply to 
your research. 

1) DATA TABLE 

There are two aspects to consider with your master data table. The first is sorting your data. Sorting your master table 
will enable you to organize your data in different ways so you can more clearly look for patterns. If you created a 
spreadsheet of your master data table, this may allow you to easily sort data. 

As a team, take a look at your master data table. With your science question in mind, think about how you may sort your 
data so you can make observations that relate to your question. Would it be useful to sort your data by latitude ? Would it 
be useful to sort your table by region ? Think about how you may sort your data and how that sorted data may be 
important for you to later draw conclusions. List your ideas below. 


Data Sorting Ideas 

Describe how this may help you later draw conclusions. 









The second aspect to consider is creating a new data table that includes a subset of the data you have collected along 
with additional information to further support your research. Look for specific pieces of information you may want to 
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t®j STEP 6: Display Data ® 

A. DATA DISPLAY OPTIONS 

All teams should have an organized master data table that includes the data collected and compiled by all team members. 

You should have already compiled your data into a master data table in Step 5 of your research. If you have not yet 
completed this, do so before you continue. This is essential for your team to have completed as you consider the data 
display options. 

Consider the following four options to display your data. Discuss these as a team and decide which ones best apply to 
your research. 

1} DATA TABLE 

There are two aspects to consider with your master data table. The first is sorting your data. Sorting your master table 
will enable you to organize your data in different ways so you can more clearly look for patterns. If you created a 
spreadsheet of your master data table, this may allow you to easily sort data. 

As a team, take a look at your master data table. With your science question in mind, think about how you may sort your 
data so you can make observations that relate to your question. Would it be useful to sort your data by latitude ? Would it 
be useful to sort your table by region ? Think about how you may sort your data and how that sorted data may be 
important for you to later draw conclusions. List your Ideas below. 


Data Sorting Ideas 

Describe how this may help you later draw conclusions. 

Latitude 

Using latitude would be the most logical arrangement to see if there was a correlation 
between glacial change and distance from the equator. 

Glacier Name and Date Image 
was taken (by glacier) 

Using the glacier name and date image was taken would help to group the images by 
glacier. You could also order the images from oldest to newest so comparison over 
time can be done for each glacier. 




The second aspect to consider is creating a new data table that includes a subset of the data you have collected along 
with additional information to further support your research. Look for specific pieces of information you may want to 
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include in this new data table. Focus on particular details that will relate to your research question. The entire set of 
details included on the master data table is important, but sometimes a subset of the data can be useful. 

Think about your research question, and decide if you should create a new data table(s). If so, list 1-3 sets of data that 
you will use in a new data table in the chart below. Include a list of the data table headings and how this may help you 
later draw conclusions. 



Data Table Headings 

Describe how this may help you later draw conclusions. 

1 . 


2. 


3. 



2) GRAPHS 

Scientists often use graphs or charts to represent and communicate their information visually. If the information you 
gathered needs to be organized or it is difficult to see dearly, graphs may be your answer. Graphs can help you show 
relationships, highlight patterns, or make comparisons. How do you choose the type of graph to best represent your 
data? First, decide if the data you collected is categorical or numerical. Categorical data classifies information by topics 
or words. For example, a scientist might look at ten images and classify by the different types of sand dunes. Numerical 
data is data that is given in numbers. This is sometimes referred to as quantitative data. An example of numerical data 
would be if a scientist wanted to record the elevation of ten mountains. 
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include in this new data table. Focus on particular details that will relate to your research question. The entire set of 
details included on the master data table is important, but sometimes a subset of the data can be useful. 

Think about your research question, and decide if you should create a new data table(s). If so, list 1-3 sets of data that 
you will use in a new data table in the chart below. Include a list of the data table headings and how this may help you 
later draw conclusions. 



Data Table Headings 

Describe how this may help you later draw conclusions. 

1. Glacier Name, Latitude, Longitude, Image 1 
Date, image 1 ID#, Image 2 Date, Image 2 ID#, 
Visible Changes, Approximate Amount of 
Change, Additional Observations/Comments 

Using these data table headings, we can focus on images of 
specific glaciers on two different dates and record the amount of 
change measured using Google Earth. By noting the visible 
changes, we can tell if the glaciers are retreating, advancing, not 
changing, or if we are not sure. 

2. 


3. 



2) GRAPHS 

Scientists often use graphs or charts to represent and communicate their information visually. If the information you 
gathered needs to be organized or it is difficult to see clearly, graphs may be your answer. Graphs can help you show 
relationships, highlight patterns, or make comparisons. How do you choose the type of graph to best represent your 
data? First, decide if the data you collected is categorical or numerical. Categorical data classifies information by topics 
or words. For example, a scientist might look at ten images and classify by the different types of sand dunes. Numerical 
data is data that is given in numbers. This is sometimes referred to as quantitative data. An example of numerical data 
would be if a scientist wanted to record the elevation of ten mountains. 
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Type of graphs used to represent categorical data 

A. PIE GRAPHS: These graphs are circular charts divided into pieces or sectors that show proportion. For example, 
if you did a study on the types of sand dunes, you might create a pie chart that is divided into pieces that represent 
the different types of sand dunes that you observed in all your images. This would allow you to calculate and 
visualize what percent of different types of sand dunes were observed compared to all the images you observed as 
a whole. 

B. BAR GRAPHS: This type of graph uses bars to show the frequency of data. The higher the bar, the greater the 
frequency. One example might be to count the number of glaciers in particular regions of the world. The bars' 
heights would indicate that amount of glaciers counted for a particular region. Bars would be labeled by the region. 

The bars on a bar graph should not touch one another. 

C. PICTOGRAPH: This type of graph uses symbols to show the frequency of data. You assign a symbol or picture to 
represent a certain amount of a particular type of feature. For example, let's say you are studying plankton biooms 
and the amount of area they cover. You may assign a star to represent 10 square kilometers of plankton bloom. If 
you had 10 stars on your pictograph for a certain region that would indicate that there were 100 square kilometers 
of plankton bloom. For example, 10 stars times 10 square kilometers {what each star represents) = 100 square 
kilometers of plankton bloom. 


D. LINE PLOT: A line plot is very similar to a bar graph and a pictograph. This type of graph also shows frequency of 
data along a number line. However, instead of seeing bars or symbols, you see x's. 



Pie Chart Bar Graph Line Plot Pictograph 
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Type of graphs used to represent numerical data 

A. LINE GRAPH: A line graph plots data that continues or is continuous. Suppose you are studying glaciers to see if 
the thickness of a glacier is changing over time, if you obtain the thickness of a glacier each month, you can plot 
that data over time. These data points can then be connected showing changes in glacier thickness over time, 
(Note: You cannot obtain ice thickness from astronaut photographs.) 


B. SCATTER PLOTS: Scatter plots show correlation of data. The data points are not connected with a line. They 
basically indicate if one type of data impacts or influences another type of data collected for the same feature or 
process. Let's think again about an example related to glaciers. Suppose you are trying to determine if 
temperature impacts or influences a glacier’s thickness. A scatter plot will allow you to took at potential correlations 
of this data by plotting temperature against ice thickness. For example, does thickness go up as temperature goes 
down? Sometimes a trend line or a line of best fit is used in scatter plots to help indicate correlation. 


C. BOX AND WHISKER PLOTS: Box and whisker plots help you analyze large amounts of numerical data which help 
visualize statistical variation. If you had a set of numerical data, you would organize the data from least to greatest, 
find the median (middle number), and the upper and lower quartile medians. You box these two quartile medians 
and extend whiskers (lines) to the greatest and least pieces of data. If a scientist was interested in knowing what 
size lens the majority of astronaut photographs are taken with over a series of missions, he/she may use a box and 
whisker plot to show this. In addition to the main data of interest (the median lens size per mission), the box and 
whisker plot also provides information on the smallest and largest lens sizes used per mission, giving you a more 
complete picture of the range of data values. The example below shows a box and whisker plot of mean annual 
temperatures. 
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Other types of graphs can also be used to represent data. You can use a number of internet mathematical resources to 
learn more about various types, and what they look like. Many sites allow you to enter data and create your own graph 
and print it out. One example site you may consider using is: http://nces.ed gov/nceskids/createagraph/default.aspx . 

You can also put data into spreadsheet programs like Excel to create graphs. It is important to remember that not all data 
collections are best represented by graphs, and other types of analysis may be more effective. 

As a team, discuss the different types of graphs and decide what is appropriate for your research. Create a list of at feast 
three possible graphs you can create below, as appropriate. Be sure to include the following: 1) Type of data you will 
graph. 2) Type of graph that best represents that data, 3) Describe what you will graph, and 4) Explain how the graph will 
be relevant for your research. 


POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you 
graph (circle one) 

Categorical data Numerical Data 

Type of graph (circle one) 

Pie Graph Bar Graph Pictograph Line Plot Line Graph 

Scatter Plot Box and Whisker Plot Other 

Describe what you will 
graph. 


How will this graph be 
relevant for your research? 
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STEP 6: Display Data ® 

Other types of graphs can also be used to represent data. You can use a number of internet mathematical resources to 
learn more about various types, and what they look like. Many sites allow you to enter data and create your own graph 
and print it out. One example site you may consider using is: http://nces.ed.gov/nceskids/createaqraph/default.aspx . 

You can also put data into spreadsheet programs like Excel to create graphs. It is important to remember that not all data 
collections are best represented by graphs, and other types of analysis may be more effective. 

As a team, discuss the different types of graphs and decide what is appropriate for your research. Create a list of at least 
three possible graphs you can create below, as appropriate. Be sure to include the following: 1 ) Type of data you will 
graph, 2) Type of graph that best represents that data, 3) Describe what you will graph, and 4) Explain how the graph will 
be relevant for your research. 


POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you 
graph (circle one) 

Categorical data Numerical Data 

Type of graph (circle one) 

Pie Graph Bar Graph Pictograph Line Plot Line Graph 

Scatter Plot Box and Whisker Plot Other 

Describe what you will 
graph. 

We would graph the change in length for the glacier on the X-axis vs. the latitude on the 
Y-axis. The Y axis would be at the center of the grid instead of the left edge. There would 
be negative values to the left of the Y-axis to indicate retreat, and positive vaiues to the 
right of the Y-axis to indicate growth. The bars would extend parallel to the X-axis. 

How will this graph be 
relevant for your research? 

The graph would give a great picture of change in length at a particular latitude. We 
would be looking for a relationship with the location and length of the bars as we went 
toward or away from the Equator. 


""Note: It is alright to have just one graph or no graph for data. Remember we don't make graphs just to make them. If a 
graph is made, it must provide support to help answer the question being asked!"* 
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POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you 
graph (circle one) 

Categorical data Numerical Data 

Type of graph (circle one) 

Pie Graph Bar Graph Pictograph Line Plot Line Graph 

Scatter Plot Box and Whisker Plot Other 

Describe what you will 
graph. 


How will this graph be 
relevant for your research? 



POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you 
graph (circle one) 

Categorical data Numerical Data 

Type of graph (circle one) 

Pie Graph Bar Graph Pictograph Line Plot Line Graph 

Scatter Plot Box and Whisker Plot Other 

Describe what you will 
graph. 


How will this graph be 
relevant for your research? 
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3) MAPS 

Plotting data on a map can be very useful. This allows others to see where you observed images. Plotting data on a map 
provides a geographic context to what you are studying. An astronaut photograph covers a limited surface area of the 
Earth. Being able to see a more global or regional context of the location of images observed can be very useful. 



North America 


World Impact Sun chues Soiled according to Location 


Two examples of data plotted on a map. Map on the left illustrates a regional context and view of impact craters (North 
America). Map on the right illustrates a global context or view of impact craters. 


Image Credit: Earth Impact Database: 
h ttp : //www > u n b xa/ p ass c/I m p a ctD at a base/C I Lo cSor 


.htmt 


20 ' 

-120’ -90' -60' 

Image Credit: Earth Impact Database: 
httD.//www.urrb.ca/Dassc/lmDactOatabase/NAmerica.html 


You should consider what type of map (global or regional) would best apply to your research. These maps were acquired 
from the Earth Impact Database. You can use any “blank" map (Google Earth, for example) that is appropriate for your 
research and plot your points accordingly. For example, you can use a world map and plot points indicating images you 
viewed as part of your research. 

Expedition Earth and Beyond: Astromalercais Research and Exploration Science (ARES) Education - Veision 3.0 
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STEP 6: Display Data ® 


Based on the data your team has logged, create a list of one or two possible ways to plot your data on a map. Be sure to 
explain what the map will show related to your research. Discuss this as a class and be sure to create the map(s) your 
team decides will be most usefuL 


POTENTIAL MAP TO DISPLAY DATA 

Describe what information 
you will plot on a map. 


Type of map {circle one) 

Global Map Regional Map Other 

How will this plotted data be 
helpful and relevant for your 
research? 



POTENTIAL MAP TO DISPLAY DATA 

Describe what information 
you will plot on a map. 


Type of map {circle one) 

Global Map Regional Map Other 

How will this plotted data be 
helpful and relevant for your 
research? 



Expedition Earth and Beyond: Astromateriais Research and Exploration Science (ARES) Education - Version 3,0 
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STEP 6: Display Data 


Based on the data your team has logged, create a list of one or two possible ways to plot your data on a map. Be sure to 
explain what the map will show related to your research. Discuss this as a class and be sure to create the map{s) your 
team decides will be most useful. 


POTENTIAL MAP TO DISPLAY DATA 

Describe what information 
you will plot on a map. 

We would plot the location of each of the glaciers including latitude and longitude. 

Type of map (circle one) 

Global Map Regional Map Other 

How will this plotted data be 
helpful and relevant for your 
research? 

The plotted data will show geographical context for each of the South American glaciers 
we investigated. 


POTENTIAL MAP TO DISPLAY DATA 

Describe what information 
you will plot on a map. 

We would outline the Patagonia Region where the glaciers we are studying are located. 

Type of map (circle one) 

Global MaD Reaional MaD Other Continental Map 

How will this plotted data be 
helpful and relevant for your 
research? 

The outlined region will show the glaciers’ geographical context within South America. 


Expedition Earth and Beyond: Astromatertate Research and Exploration Science (ARES) Education - Version 3.0 
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STEP 6: Display Data & 

4) IMAGE ILLUSTRATIONS 

Image illustrations can be very important as part of your research. These illustrations will not only indicate to others that 

you can correctly identify features, but it will help others better understand characteristics of images you may describe. 

You may decide to show image illustrations for one of the following uses: 

> Feature Focus: Label, annotate, or write captions for images that focus on and illustrate the featurefs) you 
may be studying. 

> Image Comparisons: Label, annotate, or write captions for images that illustrate similarities or differences 
of features. 

o Images of the same location taken on different dates 

o Feature<s) in different locations so you can highlight certain visible characteristics 

> Interrelated Features: Label, annotate, or write captions for images to show interrelated features connected 
to your research. 



It is important to include an image caption to provide an explanation of what each image illustration is showing. The 
illustrations should directly relate to your research. 



The information above was obtained ait htoj7eoi.isc.nasa.nov.' and from Dr. Kanlesh 
Lula. NASA JSC. 



Image courtesy of the image Science & Mafysis Laboratory. 
NASA JSC: ISS016-E-6988 


Examples of image illustrations: The set of images on the left is comparing the same location on two different dates. This 
would be considered an * Image Comparison ~ If you showed just one of these images to focus on the feature without 
making a comparison , that would be considered a ‘ Feature Focus. “ The illustration on the right is an annotated (labeled) 
image showing 'Vnferre/afed Features’ 1 (sand dunes, mountains , wind direction). 


Expedtlon Earth and Beyond: AdrasteflatG Research and EXp oration Science (ARES) Education -Vera on 3.0 
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STEP 6: Display Data 

IMAGE ILLUSTRATION: Feature Focus EXAMPLE 


Lava flows can 
look similar to a 
channel. 


Darker areas are 
likely newer lava 
flows. 


Lava flows with 
“fingery” 
appearance and 
uneven edges. 



ISSaiEED3 5a95 


Lava flows can be identified by looking for the following characteristics: 1 ) They look 
similar to channels and have a flow-like appearance, 2)Newer lava flows are darker 
than older ones, 3) Can have a fingery appearance with uneven edges. 

Image Courtesy of the Image Science and Analysis Laboratory, NASA JSC 



STEP 6: Display Data 

IMAGE ILLUSTRATION: Image Comparison EXAMPLE 



This image comparison is showing a comparison of two images of the same glacier 
taken on different dates. A red line was drawn in to compare differences to the 
terminus of the glacier. 


Images courtesy of the Image Science and Analysis Laboratory, NASA JSC. 






STEP 6: Display Data 

IMAGE ILLUSTRATION: Interrelated Features EXAMPLE 



•An example research project might look for a relationship between sand dunes and 
geographic context. 

•The image illustration on the left (ISS016-E-6986) is an example showing sand dunes 
in a mountainous area. 

•The image on the right (ISS017-E-8290) shows sand dunes near a lake in Egypt. 
Images Courtesy of the Image Science and Analysis Laboratory, NASA JSC 
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STEP 6: Display Data ® 


List possible ways to use image illustrations to help describe features you are studying as part of your research. Be as 
detailed as possible. As a class, discuss your options and decide what feature illustrations), if any, will be most useful. 


POTENTIAL IMAGE ILLUSTRATIONS 

FEATURE FOCUS 

Describe Your Plan and Use of Images for a Feature Focus. 

IMAGE 

COMPARISONS 

Describe Your Plan and Use of Images for Image Comparisons. 

INTERRELATED 

FEATURES 

Describe your Plan and Use of Images to Illustrate Interrelated Features. 


B. CREATE DATA DISPLAYS 

New that you are aware of 4 different ways to display your data, you should now create these data displays. As a team, 
discuss each data display option and decide the following: 

1 : What data displays should be created"- 1 Discuss organizing your data tablets), graphs, maps, and image illustration 
options. 

2} Decide which team members will create which data displays. 

3) Create the data displays. 


Once your data displays are created, you will make observations of each display Observations look at general trends or 
patterns. You will think about what those observations mean with respect to ycur research question as you analyze and 
interpret your data (Step 7). 


Earth Beyond: AssromaHmsts Restart ft 2nd ExponUcr. tvse jARES 

-:a Jzr-z's Zz 3:* “Er.tf 


Ed jcadcr - Verson 3.£ 
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STEP 6: Display Data ® 

List possible ways to use image illustrations to help describe features you are studying as part of your research. Be as 
detailed as possible. As a class, discuss your options and decide what feature illustration^), if any. will be most useful. 


POTENTIAL IMAGE ILLUSTRATIONS 

FEATURE FOCUS 

Descnbe Your Plan and Use of Images fora Feature Focus. 

IMAGE 

COMPARISONS 

Describe Your Plan and Use of Images for Image Comparisons. 

We have three different types of image compansons: 

1. Image collage of the Upsala Glacier taken over time to look for changes in the terminus. 

2. Image pairs of the five glaciers with reference line to show changes in the location of the 
terminus. 

3. Image pairs of the five glaciers with measurements made with Google Earth to show the 
approximate amount of retreat. 

INTERRELATED 

FEATURES 

Descnbe your Plan and Use of Images to Illustrate Interrelated Features. 



B. CREATE DATA DISPLAYS 

Now that you are aware of 4 different ways to display your data, you should now create these data displays. As a team, 
discuss each data display option and decide the following: 

1) What data displays should be created? Discuss organizing your data tablets), graphs, maps, and image illustration 
options. 

2) Decide which team members will create which data displays. 

3) Create the data displays. 

Once your data displays are created, you will make observations of each display. Observations look at general trends or 
patterns. You will think about what those observations mean with respect to your research question as you analyze and 
interpret your data (Step 7). 


Eapeffluo n earn As:rom3t£fl;u& Ftesi-ancn and Ejporaucn Setarvce tAR-Si En^caacn - v&rsof 3X 
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STEP 6: Display Data ® 


List possible ways to use image illustrations to ^e'p describe features you are studying as part of your -e-search. Be as 
detailed as possible. As a class discuss your options and decide what featu r e iUustration(s), if any. will be most usefu. 


POTENTIAL IMAGE ILLUSTRATIONS 

FEATURE FOCUS 

Describe Your Plan and Use of Images for a Feature Focus. 

IMAGE 

COMPARISONS 

Describe Ycur Plan and Use of Images for Image Comparisons. 

INTERRELATED 

FEATURES 

Describe your Ran and Use of Images to Illustrate Intemelated Features. 


B. CREATE DATA DISPLAYS 

Now that you are aware of 4 different ways to display your data, you should now create these data displays. As a team, 
discuss each data display option and decide the following: 

1 } What data displays should be created? Discuss organizing your data table(s), graphs, maps, and image illustration 
options. 

2) Decide which team members will create which data displays. 

3) Create the data displays. 

Once your data displays are created, you will make observations of each display. Observations look at general trends or 
patterns. You 'will think about what those observations mean with respect to your research question as you analyze and 
interpret your data (Step 7). 

Expedition Eartfi znz Beyond: AEromatefiais Research and Eapofallcn Science (ARES) Edy-caDon - Vereor 3.C 

NASA Jotroon Space Center 
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STEP 6: Display Data ® 


C. MAKE OBSERVATIONS: Use the tables below to record your observations of each data display. Discuss as a team. 
Wore; Make additional copies of the Observation Table as needed. 


OBSERVATION TABLE 


Title of Data Display 


Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating. 


List 1 -3 general observations or trends of what the data display is showing. 


Observation #1 : 


Observation #2: 


Observation #3: 


Expedition Eartfi ana Beyond: AEramatefiafs Research and ExpofaUon Scterae (ARES) Education - Vereor 3.D 
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STEP 6: Display Data 9 

Master Data Table (2 pages) 


Master Data Table - Glaciers in South America 

Image ID 
Number 

Glacier 

Name 

Date Image 
Was Taken 
(YYYYMMDD) 

Latitude 

(N) 

Longitude 

(E) 

Country 

Lens Size 
(mm) 

Qualitative Observations 

ISS022-E-073075 

Upsala 

20100225 

-49.9 

-73.3 

Argentina 

800 mm 

Moraire s azos'erz, pacers ffeec into geciers, lots c* carving, some 
; de: mere '.tar otters. 

ISS015-E-31043 

Upsala 

20070928 

-49.9 

-73 

Argentina 

400 mm 

SorwcBlwig, -narsfre evident ^agonal terminLS 

ISS010-E-5807 

Upsala 

20041104 

-50 

-73 

Argentina 

180 mm 

3o^te caking, ^□rwrw evident severs gkceiT joined into one 

ISS022-E-78363 

Vied ma 

20100226 

-49.5 

-73 

Argentina 

800 mm 

Dart streaks a cog the mo o' the giac er tern i nos 

fatty rtraight azrcc: do ud shadows appear o*er - azier and ice 
aDoesrs separated ty iwber south ftrk glarier tomirus - 

possibly caved off * azier 

ISS004-E-9717 

Viedma 

20020408 

-49.5 

-73 

Argentina 

800 mm 

Dart ate«al streaks a*cng the too efthe glado - , ter-nmos appears 
ccurve* wnh coward og£e nea r tte certe r dut concave rear the 
z d*s oettiazjs mdicariong ehIvif^ and possible zb hi re so doe 
fork terminus 

ISS001-E-5108 

Viedma 

200012_ 

-49.5 

-73 

Argentina 

400 mm 

Dark atemi streaiis a eng the too o' the glacier terminus appears 
torve* wtJr coward toiige nea^tte zertc', andcoud shadows 
appear over giade T 

ISS008-E-1326Q 

Perito 

Moreno 

20040127 

-50.5 

-73 

Argentina 

800 mm 

tn this im*ge tte gtsder is crushed ag&rztlhe sde c-'tte ds wicT 
zorrokecehi The t*c tranches of Perito end at lal.es The lakes hme 
very d-Herent eerie rs Why are tte n> on so cire^ent^ 

ISS006-E-40731 

Perito 

Moreno 

20030326 

-50.5 

-73 

Argentina 

800 mm 

Pen tc is possibly comp eer seoo^'ei free" tte "ittanir at the : 3c 
of the dfT Evidence of ca'Vti' can be seer. 

ISS001-E-6370 

Perito 

Moreno 

2001 

-50.5 

-73 

Argentina 

800 mm 

M vtf u enei can oe seer at the temvnuc, 'here also are 
numerous shaoez ttat 'oolr like n soles or (tones on the left side of 
the gucier Great tnue co or car be seer. 

ISS015-E-19983 

Perito 

Moreno 

20070728 

-50.5 

-73 

Argentina 

800 mm 

Obvious ericerce zaNttg at the terminus There is actually a nrg 
of material m the edge Is this one feature nr a series of icebergs 
iraed together* 

ISS018- £-40451 

Perito 

Moreno 

20090314 

-50.5 

-73 

Argentina 

800 mm 

Great details m tte island.' Abu you can see the nrg of matera 
again ri greater detail 



STEP 6: Display Data 9 

Master Data Table (2 pages) 


Master Data Table - Glaciers in South America (continued) 

image ID 
Number 

Glader 

Name 

Date Image 
Was Taken 

Latitude 

(N> 

Longitude 

(E) 

Country 

Lens Size 
(mm) 

Qualitative Observations 

ISS014-E-14359 

Chico 

20070217 

-49 

-73 

Argentina 

180 mm 

Great overall view of H* a r ee The general d^aoe of the rromines 
am oe seen in Otico. You am a bo see the terrNrr_c of the glade' 
and tr* mutfdY aie erding in a hjge obstruction at ttie end of the 
valley 

ISS007-E-5752 

Chico 

20030519 

-49 

-73 

Argentina 

400 mm 

Detailed i -nage of the surface of Chico showing the unusual parted 
shapes of the morahe lau can actually see tne pattern ef the 

jaaer 

ISS004-E-9238 

Chico- 

2002 — 

-49 

-73 

Argentina 

35 mm 

The termipu: o' the gtacer enes in something that looks ike a speo r 
point, t models the arae shape of the -noraines seer in the glader. 
Great overall view of the a*ea. 

ISSD04-E-7175 

Chico- 

20020206 

-49 

-73 

Chile 

800 mm 

High y detailed view of the moiarne. UrtbitiMtely rt doesn't show 
the erd of the giade r fcu; *t is sti 1 b vatuaole ir-age 

I5SOOB-E-1B428 

Chico- 

20040312 

-49 

-73 

Chile 

370 mm 

Good wew of the blockage seen at the otd of the ake. Alter this 
oarier the coor of the warier changes gney to r*>je 

I5S014-E- 14369 

Chico- 

20070217 

-49 

-73 

Chile 

180 mm 

Another great over a l view of the area. The difference in coor 
petweer me Chios tirhfius lake ana the rest of the water b ssmirg 
The gTev color *nust oe from material oemg deposited by Chico. 

ISS016-E-12167 

Chico- 

20071123 

-49 

-73 

Chile 

180 mm 

Great overall */ew of the area. The general ^aoe a* the moraines 
-an oe seen in Chico, You am abo see the terrninrjs of the gtoder 

I5S01S-E-19606 

Chico- 

Unknown 

-49 

-73 

Chile 

800 mm 

Fartasfcc view ir the terminal moraine c* Olios The shape of the 
spear head feature fs great 

ISSG18-E-39935 

Grey 

20090312 

-49 

-73 

Chile 

180 mm 

Poor ^iage Civy shows the gener* tiree-ororged shape of the 
terminus. ard the blue color of the ice. 

ISS0014-E-10766 

Grey 

20061225 

-51 

-73 

Chile 

180 mm 

Great overall view of the area shears the grey color of Grey's njnar. 
wh e the glarier to the right has a bhie color to the rurraf* 

ISS0010-E- 12288 

Grey 

20050103 

-51 

-73 

Chile 

180 mm 

Many drfferert cocrs in the varies oodles of water rarpng -horn 
^rey to very deep blue. 

ISSOOlO-E-5811 

Grey 

20041104 

-51 

-73 

Chile 

180 mm 

Difference in the cotors of the Ooflies of water is striking. 

ISSD04-E-9281 

Grey 

20020401 

-51 

-73 

Chile 

180 mm 

□wall view o # the are® shoeing a af the g acef : 


STEP 6: Display Data & 

Observations of Master Data Table 

C. MAKE OBSERVATIONS: Use Hie- tables below to record your observations of each data display. Discuss as a team. 

Wore; Make additional copies of the Observation Table as needed. 



OBSERVATION TABLE 

Title of Data Display 

Master Data Table - Glaciers in South America 

Type of Data Display 
(circle one) 

Data Table Graph Map (mage Illustration 

Summarize what tfie 
data display is 
illustrating. 

This table is showtng the following pieces of information: image ID number, name of glacier, 
date image was taken, latitude and longitude, country, lens size, and qualitative observations. 


List 1-3 general observations or trends of what the data display is showing. 


Observation #1: 

We have data for at least 3 images of each glacier. 

Observation #2: 

All glaciers are located within a degree of each other both in latitude and longitude. 


Observation #3; 

Images were taken with a variety of lens sizes ranging from 1 80 mm to 800 mm. 


Expedinon Earth me Beyond: AErcwnatenais Research ana Eaporation Scarce j ARES) Education - Versor 31 
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STEP 6: Display Data 9 

Glacier Data Table (subset of data) 


Glacier Data Table 

Gtafrar Karr* 

Latnud* inv 

h&ngttud# ; Ei 

flct tirade 
Cat* 

Flret lira go 

Of 

S«arwl triage 
Mb 

£#&onc Irrage ID 
f 

victiie Chan cm 

; RuL'mI AArfrta hk? 
Cfaang*, Ntf £ur»| 

Approximate Ameer- pf 
Change |1n motarej 

A dc tonal Obcora atorK or 
Comment 

upsaa 

* 

*73.3 

2GOa Nwe^cer 

IS3Cl>E*5e£7 

2D ID Retvuvy 

ISS222-E-073C'E 

Re ire at 

SOD 

SJjptflowt caviic aas observed m 
tie 20 10 Image, 

vi tfira 


*73 

2003 April 

HJEHHhE-97 17 

23 10 =*erjarj 

IE&D22-&-7S2G2 

Reteal 

33HX 

The «r“ihiE aspearra putt convex 
n the 2CC2 mage near* straijr 
aeraa r. the 2010 r-age. 

F*rU3 WfWHJ 

= 

-73 

2001 

i5aoai-&*37u 

2335 ^rch 

WD1^£4051 

Utteifany :“ar>ae 
od served 

None 

The eontniE 'df trie gacer wen 
u-'Ctiarged sJjtib Ifte Erne toitevaJ 
betaem artonapi fc^ages 

C^iiCO 


*73 

21503 

l&3DCF*E-57i2 

23J7 

I5S014pE-143ES 

Mi I 

m 

The xr^ntK r the 2CC7 i~age 
r yr: defied ana Demsgs 

sha^ng cadence O' c» vrvg. 

Grey 

-51 

*73 

IDDi llllll-il 1 

lESDia-E-Stlf 

2310 Febowy 

I5SD22-&SSSE2 

Re re at 

3DD-EX 

The 3efl bnr*di g* Urc tnTninj& 
appears Ud ha%’e receded. arhietrie 
remav>def ^ the tomhus seems 
urdurgeC 


♦♦South latitudes 
Latitude (N) . see 
♦♦west longitudes 
Longitude (E} . See 


should be written as negative numbers If the 
Data Table Tip #4 from the student Scientist 
should be written as negative numbers if the 
Data Table Tip #5 from the student scientist 


column heading Is written as 
Guidebook pgii . 
column heading Is written as 
Guidebook pgii. 



STEP 6: Display Data 9 

Observations of Glacier Data Table 


OBSERVATION TABLE 


Title of Data Display 

Glacier Data Table 

Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating. 

The table is showing the following pieces of information: name of the glacier, latitude and 
longitude, dates of the first and final images, identification numbers of the first and final images, 
visible changes in the glacier, amount of the change, comments. 

List 1-3 general observations or trends of what the data display is showing. 


Observation #1: 

Except for Perito Moreno Glacier, all of the glaciers retreated during the periods measured. In all cases that retreat was at 
least 300 meters to as much as 500 meters. 


Observation # 2 : 

All glaciers are located within a degree of each other both in latitude aid longitude. 


Observation #3: 

Some, but not all of the glaciers, show evidence of calving. 


Exp*aacn Eatn ana E-ayaoi Asromateim Researtfi arid Separation Octree (ARES) Es jsaacn - ver&or 3X 

NASA Jettison Gpace Cemer 


43 


STEP 6: Display Data & 

Graph: Terminus Changes of Five South American Glaciers 




STEP 6: Display Data 



Observations: Terminus Changes of Five South American Glaciers 


OBSERVATION TABLE 


Title of Data Display 

Terminus Changes of Five South American Glaciers 

Type of Data Display 
(circle one} 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating. 

This data display rs companng changes in the terminus (retreat or growth) of five South 
American glaciers. Changes to these glaciers were measured using landmarks in the images 
and the Google Earth measurement tool. 

List 1-3 general observations or trends of what the data displav is showing. 


Observation#!: 


Three of the five glaciers show a retreat range of 300 - 500 meters of the termmus. 


Observation #2: 

The Perito Moreno Glacier does not appear to have any changes to its terminus. 


Observation #3: 

One of the glaciers. Upsala, shows a certain retreat of 500 meters of change to its terminus while three glaciers had an 
uncertain range of change. 


Observation #4: None of the glaciers showed growth. 


Note: See Extra Observation Tables. 


Btpscidon EartJi aia E-syond: Research and Exp oration Gcteroe lARESi Eftjcatiori - Vzmov 3X 
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STEP 2: Initial Observations & 

A. FINDING ASTRONAUT PHOTOS 


1 STEP 2: Initial Observations 


friv Nov/ that you have a preliminary question, you need to start making and logging observations of astronaut 
fij . |j\ photographs Astronaut photos should be your initial source of data. T’ese observations (which are part of 

data gathering) will he p you ■'ormukre a hypothesis as you look for patterns or trends. While making 
observations, you may cecids to refine your question. This is a natural part of the process of science. 

As you conduce your investigation, it is important tc focus on your questio-. Write your question in the space below. 
Research Question: 


As you work to complete Step 2 of :he process of science, you will do the following: A) Lis: sources where can you find 
astronaut photos, B) Consider what da:a and ooser/a;ions you will leg, C) Create an iritiai data :abe, D) Leg your nitial 
observations, =) Formulate a hypothesis, and F) Discuss and debate t^e team research question. 

A. FINDING ASTRONAUT PHOTOGRAPHS 

Be ow is a list o - ' two sources where you can find astronaut pholos. As you F nd additional sources, add those to your list. 


Source #' : 

> Website name: Expedition Earth anc Beyond Quick List of Images 
r Website link: http: /fares .j sc . nasa . g o v/are s,'ee a b/at mosp here . cfn 


Source #2: 

- Website name: Gateway to Astronaut Phctoqraphy of Eart" 
w- Website link: http://eol.isc.nasa.aov 


Expedition Eartn and Beyond: .^nwnateials Research and Exploration odcncc (AR=&) Educaton Vcnon 3.0 

WA3A Joinsor Center 





STEP 6: Display Data & 

Observations of Continental Map 


OBSERVATION TABLE 


Title of Data Display 


Continental Map of Glaciers We Investigated 


Type of Data Display 
(circle one) 


Data Table 


Graph 


Map Image Illustration 


Summarize what the 
data display is 
illustrating. 


This map shows the area of South America where the five glaciers that we researched are 
located. 


List 1 -3 general observations or trends of what the data display is showing. 


Observation #1: 

The glaciers are all located in the narrow southern portion of the South American continent. 


Observation #2: 

There appears to be a nearly continuous line of glaciers in the boxed in area on the map. 


Observation #3: 

The glaciers are located near the border between Chile and Argentina. 


Eapedflofi Eartn afm Beyond: AEromatEflalE Fte&earcfi ard E*p oration Scteroe (ARES) Enjcaflon - Ver&or 3.C 

NASA Jcfn&cfr space Cernef 



STEP 6: Display Data 

Map: Regional Map 


Regional Map of Glaciers We Investigated 



ifr >■' 






Map indicating the location (lat/lon) of the 5 glaciers being studied in detail using 
astronaut photographs for our research. 
fmoge source: Google maps 







STEP 6: Display Data 

Observations of Regional Map 


OBSERVATION TABLE 


Title of Data Display 

Regional Map of Glaciers We Investigated 



Type of Data Display 
(circle one) 

Data Table Graph 

Map 

Image Illustration 

Summarize what the 
data display is 
illustrating. 

This map uses labeled markers from Google Earth to show the exact locations and geographic 
coordinates of the five glaciers that we researched. 


List 1-3 general observations or trends of what the data display is showing. 


Observation #1: 

All five glaciers are located near the same line of longitude. 


Observation #2: 

The five glaciers are approximately 0.5 degrees of latitude apart from each other. 


Observation #3: 

The five glaciers are located along a mountainous region containing numerous other glaciers. 
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STEP 6: Display Data & 

Image Illustration: Collage Upsala Glacier 

Upsala Glacier, Argentina 



STEP 6: Display Data 

Observations of Image Illustration: Collage Upsala Glacier 

Extra Observation Tables 


OBSERVATION TABLE 


Title of Data Display Upsala Glacier Argentina 


Type of Data Display 
(circle one) 


Data Table 


Graph 


Map 


Image Illustration 


Summarize what the 
data display is 
illustrating. 


This data display is showing multiple images of Upsa la Glacier in the same orientation over a 

period of time showing potential changes to the terminus. 


List 1 -3 general observations or trends of what the data display is showing. 

No re: You may wish io include your thought process as ro how you made your observation, 

Observation #1 : 

We observed calving of the three images. The 2004 and the 2007 images have some cahring. The 2010 rmage has 
substantially more calving evident than the previous two. 

Observation #2: 

There is a significant change in the location and shape of the terminu s from 2004 to 2010. 

We used a landmark to the East of the glacier to line up the terminus of the glacier. The landmark looks like a lake 
formed by part of the glacier to the north, it looks like a face with a nose and chin on the right ( East J with a hanging 
goatee. We wilt line the terminus up with this goatee in each picture. In 2004. the goatee and the terminus lined up and 
formed a horizontal tine between the wo. in the 2007 image, the glacier has receded north of this goatee line . In the 20f0 
image the terminus is well north of the goatee line and now is actually above the chin level. 


Observation #3: 

On both shorelines, the glacier has receded. 

In the 2004 image the terminus is fairty straight across with a chunk out of the eastern side. The 2007 /'mage has a 
terminus that is almost at a diagonal from the lower left to upper right The 2010 image has a terminus that is not straight. 
There are two parts that eiongate into the water body. 
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STEP 6: Display Data & 

Image Illustration: Glacial Movement 


Glacial Movement 
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STEP 6: Display Data 

Observations of Image Illustration: Glacial Movement 


OBSERVATION TABLE 

Title of Data Display 

Glacial Movement 

Type of Data Display 
(circle one) 

Data Table Graph Map 

Image Illustration 

Summarize what the 
data display is 
illustrating. 

This data display includes 5 sets of images. Each set contains two images of the same glacier 
t 3 ken on different dates. A red line is drawn at the same location in each set of images to help 
determine any change in the location of the terminus. 


List 1-3 general observations or trends of what the data display is showing. 


Observation #1: 

All of the glaciers show an obvious retreat except for Perito Moreno. 


Observation #2: 

Chico Glacier appears to be the “dirties? of all the glaciers making it the most difficult glacier to interpret 


Observation #3: 

Upsala appears to be the glacier showing the clearest indication of retreat. 
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STEP 6: Display Data ® 

Image Illustration: Chico Glacier 
Chico Glacier - 2003 to 2007 


Chico May 2QQt3 


The image above shows how the Google Earth 
measuring tool was used to determine a 
known distance based on a nearby landmark, 
allowing us to estimate the change in the 
length of the glacier. 

Chico Feb 2007 

When comparing astronaut images taken from 2003 to 2007, there 
appears to be a recession of the terminus of the Chico Glacier between 
300-500 meters. 









STEP 6: Display Data gf 

Observations of Image Illustration: Chico Glacier 


OBSERVATION TABLE 


Title of Data Display 

Chico Glacier - 2003 to 2007 

Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating. 

The image on the right shows how the Google Earth measurement tool was used to determine a 
known distance based on a nearby landmark. The two images on the left show the glacier with a 
red reference line indicating change over time. 

List 1-3 general observations or trends of what the data display is showing. 

Note: You may wish to include your thought process as ro how you made your observation. 


Observation #1: There appears to l)e a recession of the terminus of ttie Chico Glacier between 300 - 500 meters when 
comparing astronaut images taken from 2003 to 2007. 


Our team discussed the conflicting views of what the image was showing and had to look at a high resolution image to 
support our finding that the glacier was in fact retreating. You may have to look at a high resolution image to better 
determine the location of the terminus or the feature you are studying. 

Observation #2: 

The February 2007 image appears to show less ice or melting ice. This made it more challenging to locate the terminus. 


Observation #3: 

The ice looks dirty, particularly in the February 2007 image. 
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STEP 6: Display Data 

Image Illustration: Grey Glacier 
Grey Glacier - 2004 to 2010 




The image above shows how the Google 
Earth measuring tool was used to determine 
a known distance based on a nearby 
landmark, allowing us to estimate the change 
in the length of the glacier 


Grey Rb 201 0 

When comparing astronaut images taken from 2004 to 2010, there 
appears to be a recession of the terminus of the Grey Glacier between 
300-500 meters. 



STEP 6: Display Data 

Observations of Image Illustration: Grey Glacier 


OBSERVATION TABLE 


Title of Data Display 

Grey Glacier - 2004 to 2010 

Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating, 

The image on the right shows how the Google Earth measurement tool was used to determine a 
known distance based on a nearby landmark. The two images on the left show the glacier with a 
red reference line indicating change over time. 

List 1 -3 general observations or trends of what the data display is showing. 

Note: You may wish ro include your thought process as ro how you made your observation. 


Observation #1 : 


The terminus of Grey Glacier looks like a 3-tine<! fork. Two of the tines wrap around a triangular island, creating a perfect 
environment for measurement. 


Observation #2: 

Using the island as a guide, we could see a retreat between 2004 and 201 G. 

in 2004 the top of the tine of the fork was at the broad end of the island. In 2010 there was a very visible distance between 
the end of that tine and the broad end of the island. 

Observation #3: 
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STEP 6: Display Data &T 

Image Illustration: Perito Moreno Glacier 

Perito Moreno Glacier - 2001 to 2009 



IVnio Moreno 2001 



Ppfito Moreno Mu 2009 



The image above shows how the Google Earth 
measuring tool was used to determine a known 
distance based on a nearby landmark, allowing 
us to estimate the change in the length of the 
glacier 


When comparing astronaut images taken from 2001 to 2009, there 
appears to be little, if any, recession of the terminus of the Perito Moreno 
Glacier. 




STEP 6: Display Data & 

Observations of Image Illustration: Perito Moreno Glacier 


OBSERVATION TABLE 


Title of Data Display 

Perito Moreno - 2001 to 2009 

Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating. 

The image on the right shews how the Google Earth measurement tool was used to determine a 
known distance based on a nearby landmark. The two images on the left show the glacier with a 
red reference line indicating change over time. 

List 1-3 general observations or trends of what the data display is show! no. 


Observation #1: 

The terminus of Perito Moreno Glacier came in contact with a large rock outcrop that was located at the junction of two 
bodies of water. This created an excellent landmark for making our measurements. 


Observation #2: 

Between 2001 and 2009 there is no visible change in the glacier's location with relation to that rock outcrop. We can only 
assume that the glacier neither retreated nor advanced. 


Observation #3: 
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STEP 6: Display Data 

Image Illustration: Viedma Glacier 
Yiedma Glacier - 2002 lo 2010 




Viedma Apr 2002 




The image above shows how the Google Earth 
measuring tool was used to determine a known 
distance based on a nearby landmark, allowing us 
to estimate the change in the length of the glacier. 


Vied ma It& 2010 


When comparing astronaut images taken from 2002 to 2010, there 
appears to be a recession of the terminus of the Viedma Glacier between 
300-500 meters. 





STEP 6: Display Data 

Observations of Image Illustration: Viedma Glacier 


OBSERVATION TABLE 


Title of Data Display 

Viedma Glacier - 2002 to 2010 

Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating, 

The image on the right shows how the Google Earth measurement tool was used to determine a 
known distance based on a nearby landmark. The two images on the left show the glacier with a 
red reference line indicating change over time. 

List 1 -3 general observations or trends of what the data display is showing. 


Observation #1 : 

Both images show almost the exact same area and landscape, making comparisons easier. 


Observation #2: 

We used the relatively straight end of one valley wall where the glacier empties into the lake as a landmark for measuring 
change. 

Observation #3: 

The terminus of Viedma Glacier extended far beyond the valley wall in 2002 but was parallel to it in 2010. 
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STEP 6: Display Data 

Image Illustration: Upsala Glacier 
Upsala Glacier - 2004 to 2010 




l Ipsa ti New 200*1 




The image above shows how the Google Earth 
measuring tool was used to determine a known 
distance based on a nearby landmark, allowing 
us to estimate the change in the length of the 
glacier. 


Upsala Irb2010 

When comparing astronaut images taken from 2004 to 2010, there 
appears to be a recession of the terminus of the Upsala Glacier that is 
roughly 500 meters. 




STEP 6: Display Data 

Observations of Image Illustration: Upsala Glacier 


OBSERVATION TABLE 


Title of Data Display 

Upsala Glacier -2004 to 201 Q 

Type of Data Display 
(circle one) 

Data Table Graph Map Image Illustration 

Summarize what the 
data display is 
illustrating. 

The image on the nght shows how the Google Earth measurement tool was used to determine a 
known distance based on a nearby landmark. The two images on the left show the glacier with a 
red reference line indicating change over time. 

List 1-3 general observations or trends of what the data display is showing. 


Observation #1 : 

The major landmark in the Upsala Glacier images is a large lake located beside the glacier The irregular shape of the 
Sake creates several great landmarks for making our measurements. 


Observation #2: 

In the 2004 and 2010 images you can see numerous ice chunks floating near the terminus of the glacier. 


Observation #3: 

Using an indentation tn the lake as a guide, we can see a retreat in the terminus of Upsala Glacier. 
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STEP 6: Display Data 

Team Workspace Suggestions 



You are encouraged to list the following information: 

•Post the data displays your team decided to create OR a description of 
each data display: 

> Organized/Sorted Data Table: You may already have a data table 
listed in Step 5 but you may consider posting your sorted/organized 
data table or even posting any subsets of data you plan to use. 

> Graphs 

> Data displayed on a Map 

> Annotated or captioned image illustrations 

•Directly under each data display list your observations of any patterns or 
trends the data may be showing. 

**Note: Do not yet analyze what you think any patterns may mean in this 
section of your research. 






STEP 7: 

Analyze & Interpret Data 

IMPORTANT ASPECTS OF STEP 7: 

•Using the knowledge you have gained, along with 
observations from your data displays you will be able to 
analyze and interpret data as it relates to your question. 

•You will discuss the analysis of your data in order to make 
sense of what it means and how it applies to your question 
and hypothesis. 

MAIN GOALS OF STEP 7: 

1 . Examine observations from each data display. 

2. Make interpretations of those observations (how observations relate to 
and help you answer your question). 

3. Have specific evidence from your data displays or background 
knowledge that support your interpretation. 

4. Consider potential errors, inaccuracies, misinterpretations or limitations 
of data. 
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STEP 7: Analyze & Interpret Data 

STEP 7: Analyze & Interpret Data I 

Now that you have your data displayed and have made observations of those displays, you are ready to 
do one of the most important steps of your research - analyze and interpret your data. Analysis and 
interpretation of data are done by thinking about how specific observations and acquired knowledge 
directly relate to your question. Your goal is to be able to draw conclusions about your research with 
supporting evidence. 

As with all steps of your research, when you analyze your data, focus on your research question and hypothesis. 

Research Question: 


Hypothesis: 


To help you analyze and interpret your data, fill out the information in the table provided. Include the following: 

• Specific Observations From Data Display: Examine the observations your team made of each data display. 
Think about observations that provide information related specifically to your question. You do not need to list 
every observation or even observations from every data display you created. List those observations that 
specifically relate to your question. 

• Interpretations} of What Observation Means With Respect To Your Question: Describe how you think each 
listed observation can be interpreted. This means consider how the observation relates to your specific question. 

• Evidence That Supports Your Interpretation: In the third column, list additional evidence that supports the 
interpretation of your observation. This can be specific evidence from other data displays or from background 
knowledge you gained throughout your research. Use additional paper as necessary to further discuss your 
observations and interpretations. 
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STEP 7: Analyze & Interpret Data 

STEP 7: Analyze & Interpret Data | 

Now that you have your data displayed and have made observations of those displays, you are ready to 
do one of the most important steps of your research - analyze and interpret your data. Analysis and 
interpretation of data are done by thinking about how specific observations and acquired knowledge 
directly relate to your question. Your goal is to be able to draw conclusions about your research with 
supporting evidence. 

As with all steps of your research, when you analyze your data, focus on your research question and hypothesis. 

Research Question: 

What types of changes are occurring to the five glaciers (Viedma, Upsata, Perrto Moreno, Chico, and Grey) found in 
South America? 


Hypothesis: 

All five glaciers wifi have visible and measureable evidence of retreat. 


To help you analyze and interpret your data, fill out the information in the table provided. Include the following: 

• Specific Observations from Data Display: Examine the observations your team made of each data display. 
Think about observations that provide information related specifically to your question. You do not need to list 
every observation or even observations from every data display you created. List those observations that 
specifically relate to your question. 

• Interpretation(s) of What Observation Means With Respect To Your Question: Describe how you think each 
listed observation can be interpreted. This means consider how the observation relates to your specific question. 

• Evidence That Supports Your Interpretation: In the third column, list additional evidence that supports the 
interpretation of your observation. This can be specific evidence from other data displays or from background 
knowledge you gained throughout your research. Use additional paper as necessary to further discuss your 
observations and interpretations. 
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STEP 7: Analyze & Interpret Data 



ANALYSIS AND INTERPRETATION OF DATA 

Specific Observation from 
Data Display 

Interpretation (s) of What Observation Means 
with Respect to Your Question 

Evidence That Supports Your 
Interpretation 

(from specific data displays and/or 
background knowledge!' 

1 . 



2 . 



3. 



4. 




Bepedldon Earta anc Eeyond: AsaomatefialE fte&earcfr and Eaporaflcn Gcfenoe (ARES) Education - V ere or 3£ 

NASA jofnson Space Cerner 


46 


,(\3'y*e 



.verpre/ 


STEP 7: Analyze & Interpret Data 



ANALYSIS AND INTERPRETATION OF DATA 

Specific Observation from 
Data Display 

Interpretation (s) of What Observation Means 
with Respect to Your Question 

Evidence That Supports Your 
Interpretation 

(from specific data displays and/or 
background knowledge) 

5. 



6. 



7. 



8. 
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STEP 7: Analyze & Interpret Data® 


ANALYSIS AND INTERPRETATION OF DATA 

Specific Observation from 
Data Display 

tnterpretation(s) of What Observation Means 
with Respect to Your Question 

Evidence That Supports Your 
Interpretation 

('from specific data displays and tor 
background knowledge} 

1. Except for the Perito 
Moreno Glacier, all of the 
glaciers retreated during the 
periods measured. In all 
cases that retreat was at least 
300 meters to as much as 
500 meters. 

[Glacier Data Table' Observation 
*1) 

Almost all South American glaciers we studied 
seem to be retreating. 

Data from our data table, image 
illustrations, nveasurements made, and our 
graph all support that most of the five South 
American glaciers we studied are 
retreating. Information from the Argentina 
Travel Guide website also stated that the 
Perito Moreno Glacier was advancing. The 
BBC and the PATAGONIA- 
ARGENT] NA.COM sites both stated that 
the Upsala Glacier was retreating. 

2 The Perito Moreno Glacier 
does not appear to have any 
changes to its terminus. 

[Terminus Changes of Five South 
A merica n Gfac ierc : Observa tion F2.J 

At least one of the five South American glaciers 
we studied, specifically Perito Moreno, is not 
changing. This leaves open the possibility that 
other glaciers in South America may not be 
changing as well. 

Data from our data table, image 
illustrations, measurements made, and our 
graph all support that at least one of the five 
South American glaciers we studied is not 
changing. 

3. None of the five glaciers we 
studied showed growth. 

[Terminus Changes of Five South 
American Glaciers: Observation # 2 ,] 

The cause of no growth could be based on 
climate changes in the region over time. This 
could be telling us that there is less 
precipitation or warming in the region. 

Our background research (Extreme Ice 
Survey) provided information connecting 
climate change with glacial retreat. 

4. All five glaciers are located 
near the same line of 
longitude and are 
approximately 0.5 degrees of 
latitude apart from each other. 

[Regional Map of Glaciers We 
Investigated Observation #1 2] 

There may be a localized effect causing four of 
the five glaciers in our study to show evidence 
of retreat. The Perito Moreno Glacier, which 
showed no signs of retreat, may have another 
variable affecting it. 

Our Continental and Regional Maps of 
Glaciers show this iocalized area of glaciers 
we studied as well as the larger region with 
additional glaciers. Additionally, our data 
table and internet sources provide 
supporting evidence for the retreat of four 
glaciers in this localized area except for 
Perito Moreno. 
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STEP 7: Analyze & Interpret Data 



ANALYSIS AND INTERPRETATION OF DATA 

Specific Observation from 
Data Display 

Interpretation(s) of What Observation Means 
with Respect to Your Question 

Evidence That Supports Your 
Interpretation 

(from specific data displays and/or 
background knowledge) 

5. The five glaciers are located 
along a mountainous region 
containing numerous other 
glaciers. 

/Regional Map of Glaciers We 
investigated Observation #3] 

Since 4 out of the 5 glaciers we studied in this area 
showed visible signs of retreat, there may be a 
decreasing amount of snow fall or warming 
temperatures in this nxxjntainous/regional area. If 
this is the case, in the future we could see additional 
evidence of retreat to the five glaciers we studied 
and potentially others in the region. 

Our background research from the Extreme 
Ice Survey website states that global 
surface temperatures have increased over 
the last 100 years and are projected to 
continue to rise. Warming temperatures 
would contribute to the continual retreat or 
melting of glaciers. 

6. There is a significant change 
in the location and shape of the 
terminus from 2004 to 2010. 

[ Upsala Glacier . Argentina: 
Observation # 2 / 

There is definite visible evidence of retreat of the 
Upsala Glacier observed in astronaut photographs. 
This visible evidence of retreat could probably be 
detected in other glaciers in the area. The Upsala 
Glacier could be retreating more than other glaciers 
in the region. 

The measurements made using Google 
Earth show that the Upsala Glacier had the 
largest amount of visible retreat. 

Information read on websites also indicated 
that the Upsala Glacier was once tie 
largest glacier in Argentina but has been 
showing signs of retreat. 

7. 



8. 
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STEP 7: Analyze & Interpret Data 

Considering potential errors, inaccuracies, or limitations of your data is another important part of this step in the process of 
science. Stating these challenges up front helps others know you were aware of these aspects and took them into 
consideration as you stated your final conclusions. 

Suppose your question was, “What is the average length of sand dunes?" If you were only able to measure the lengths of 
one type of sand dune in only one desert, is that enough data for you to conclude that your average length is accurate for 
all dunes? What if the resolution of the images you viewed made it difficult to measure dune length with confidence? 
Perhaps the data you focused on did not allow you to obtain the information and/or measurements you needed to answer 
your question. These would be considered potential errors, inaccuracies, or limitations of your data that should be 
thought about as you draw your conclusions. An acknowledgement of the limitations you list could help future research 
related to your question. 


Consideration of Issues, Potential Errors, or Limitations of Your Research 

Potential errors or 
inaccuracies 


Potential 

misinterpretations 


Limitations of data 


Other 
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STEP 7: Analyze & Interpret Data 

Considering potential errors, inaccuracies, or limitations of your data is another important part of this step in the process of 
science. Stating these challenges up front helps others know you were aware of these aspects and took them into 
consideration as you stated your final conclusions. 

Suppose your question was, “What is the average length of sand dunes?" If you were only able to measure the lengths of 
one type of sand dune in only one desert, is that enough data for you to conclude that your average length is accurate for 
all dunes? What if the resolution of the images you viewed made it difficult to measure dune length with confidence? 
Perhaps the data you focused on did not allow you to obtain the information and/or measurements you needed to answer 
your question. These would be considered potential errors, inaccuracies, or limitations of your data that should be 
thought 3 bout as you draw your conclusions. An acknowledgement of the limitations you list could help future research 
related to your question. 


Consideration of Issues. Potential Errors, or Limitations of Your Research 

Potential errors or 
inaccuracies 

Some of the images were also taken with different focal length lenses and from different angles, 
so there could be an error in our measurements due to varying perspectives. 

*Note to teacher: You may wish to remind students that no measurement is exact/ 

Potential 

misinterpretations 

We did our best to identify and measure changes to glaciers using visible landmarks in images. 
We may have misinterpreted some landmarks or views of the glacier terminus due to shadows, 
clouds, or glacial moraines. 

Limitations of data 

Limitation 1: We investigated a very small number of glaciers over a limited geographical region. 
Limitation 2: As we searched for astronaut photographs of each glacier, we found it difficult to find 
images taken in the same month of different years. It was also impossible to compare glaciers 
over the exact same time span. The time spans varied from 4 to 8 years. 

Other 

Limited class time was an additional challenge. 
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STEP 7: Analyze & Interpret DataS^ 
Team Workspace Suggestions 


You are encouraged to list information from the table on 

pages 46 and 47 of the Student Scientist Guidebook. This 

information should include: 

• Specific observation(s) from specific data displays that 
directly relate to your question. 

• Your interpretation of what those observations mean with 
respect to your research question. 

• Additional evidence that directly supports your 
interpretation. This evidence may be from a different data 
display and/or background knowledge you have obtained. 

You are also encouraged to list the following: 

• Potential errors, inaccuracies, misinterpretations or 
limitations of data. 





STEP 8: 

Draw Conclusions 



IMPORTANT ASPECTS OF STEP 8: 

•Once you have considered and discussed your analyzed data, 
you will be able to draw conclusions. 

•This includes answering your question as well as deciding if 
your hypothesis was supported or refuted. 

MAIN GOALS OF STEP 8: 

> Restate your question and answer it. 

> Restate your hypothesis and indicate if it was supported or refuted. 

> Consider what new research could be conducted based on your 
investigation 

> Acknowledge those that helped you through this research. 
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STEP 8: Draw Conclusions 




STEP 8: Draw Conclusions 



You have done all your research, displayed and analyzed your data, and considered any potential errors, 
misinterpretations, or limitations. You are now ready to draw conclusions about your question and 
hypothesis. This is an essential part of your investigation, as it allows you to synthesize your overall 
research and state your results. It also allows others to conduct future research related to your question . 


1 State your research question. 


Based on your research and analysis of data, what do you conclude is the answer to your question? Summarize your 
supporting evidence. 


2. State your hypothesis: 
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STEP 8: Draw Conclusions 


Based on your research and analysis of data, was your hypothesis supported or refuted^ Summanze pertinent evidence. 


3. List at least one new question, or explain what future research could be conducted, sparked by your investigation. 


4. Who would you like to acknowledge for helping you complete your investigation? This may include your teacher, 
mentor, parent, or anyone else that helped you or provided support throughout your investigation. 


5. Reflect on your research and think about how you might have been able to improve your investigation. List those 
ideas below. 
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STEP 8: 

STEP 8: Draw Conclusions 


Draw Conclusions 




You have done all your research, displayed and analyzed your data, and considered any potential errors, 
misinterpretations, or limitations. You are now ready to draw conclusions about your question and 
hypothesis. This is an essential part of your investigation, as it allows you to synthesize your overall 
research and state your results. It also allows others to conduct future research related to your question. 

1. State your research question. What types of changes are occurring to the five glaciers (Viedma. Upsala. Perito 
Moreno. Chico, and Grey) found in South America? 



Based on your research and analysis of data, what do you conclude is the answer to your question? Summarize your 
supporting evidence. 

Four out of the five glaciers we investigated were retreating. This was supported by the analysis of quantitative 

measurements obtained through Google Earth and the qualitative observations noted in our image illustrations. 

Background information obtained from various websites provided us wrth additional supporting evidence. 


2. State your hypothesis: All five gtaciers will have visible and measureable evidence of retreat. 
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STEP 8: Draw Conclusions 




Based on your research and analysis of data, was your hypothesis supported or refuted? Summarize pertinent evidence. 
This hypothesis was refuted. However, four out of the five olaciers we studied showed visible and measurable evidence of 

retreat. This was supported bv the analysis of quantitative measurements obtained through Gooole Earth. 


3. List at least one new question, or explain what future research could be conducted, sparged by your investigation. 

For future research we would consider investigating more of the glaciers m this area to see if they are also retreating, 

4. Who ’would you like to acknowledge for helping you complete your investigation? This may include your teacher, 

mentor, parent, or anyone else that helped you or provided support throughout your investigation. We would like to 
acknowledge our teachers and our mentor for their help and support during our research. We 'would also like to thank 
NASA for the opportunity to request that an astronaut take a new image of Earth. This will allow us to further support our 
exploration and research of planet Earth. 

5. Reflect on your research and think about how you might have been able to improve your investigation. List those 
ideas below, if we were to do this research again, it might be better to look at a greater number of glaciers in this area. 
The more olaciers we analyze, the more confident we could be in drawtna conclusions about the overall trend in changes 
occumnq to Qlaciers in this region. We could have also looked at data from sources that could provide additional 
evidence to support or neoate the changes to these glaciers that we were seeing from astronaut photos. This would allow 
us to know if our findings from measurements we made using Google Earth were reliable or potentially questionable, 
helping us to strengthen our overall conclusions. Lastly, it would have been better to use the exact span of time for each 
glacier comoanson to have a consistent set of data to compare. 
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STEP 8: Draw Conclusions 

Team Workspace Suggestions 


You are encouraged to list the following information: 

•Summarize conclusions about the answer to your question. 
Highlight the most important aspects of your research that 
support that answer. 

•Summarize information about whether your hypothesis was 
refuted or supported. Be sure to include a brief explanation. 

•Briefly mention new questions or future research that could 
be sparked from the investigation you conducted. 

•List and acknowledge those who helped you throughout your 
research. 

•List any reflections about your research. 
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Qie BEYOND 

Now that you have a better understanding of the system and feature(s) you have studied on Earth, you may decide to 
conduct a planetary body comparison. Earth is a unique planet. The interrelated Earth system science model might not 
necessarily apply to other bodies in our Solar System. Your teacher can use activities, such as the Blue Marble Matches 
to help you get a sense of how to conduct planetary comparisons. You are not required to conduct such an investigation. 
It may, however, provide interesting connections to what you have already studied on Earth. 

If you decide to conduct a planetary body comparison, other terrestrial bodies you may consider researching are: 

-Mars -Earth's Moon -Mercury 

-Venus -Asteroids -Moons of Jupiter (lo, Ganymede, Callisto, Europa) 

These are a few examples of other worlds NASA is currently investigating. There are other planets in our solar system 
and other solar systems being explored. Comparative planetology is how researchers use what is known about Earth to 
better understand other planetary bodies in our Solar System. Consider conducting a planetary comparison investigation 
and take your research out of this world... and beyond! 


Impact craters (top row) and volcanoes (bottom row) on Earth and other planetary bodies in our Solar System. 
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STEP 9: 

Share Research 



IMPORTANT ASPECTS OF STEP 9: 

•Publishing or presenting your science research is an 
extremely important part of science. 

•Sharing your discoveries will allow others to learn from and 
build on your previous research. 


MAIN GOALS OF STEP 9: 

> Share your research with others. 
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STEP 9: Share Research ® 


STEP 9: Share Research j 

One of the final steps of research is sharing it with others. Professional scientists go through a process of 
having their written papers formally evaluated by peers {other scientists in the same or related fields). This 
is called peer review. Every published scientist must have his/her work peer reviewed. This gives scientists 
the chance to acknowledge, question, or leam from each other's results, procedures, or conclusions. It is 
somewhat like a system of checks and balances. Professional scientists also present their results and 
conclusions to their peers at conferences. This can be considered a type of peer review, although not as formal. Science 
is about new ideas, new discoveries, and building on prior knowledge. If you don't share what you have researched, no 
one can build on or leam from your ideas. 

Peer review can take place right in your classroom. By sharing your research with your teacher and other students in 
your school, you are participating in a type of peer review. As you assemble your findings, you should anticipate sharing 
your research with others using any one (or more) of tbe options listed below. 




SHARING RESEARCH OPTIONS: 

1. EEAB Team Workspace Wiki: If you have not already logged your team research on the wiki, you may consider 
doing so. This will allow you to share your research showing the 9 steps in the process of science. 

2. Scientific Paper Scientists who wish to publish their findings do so by writing 3 cohesive scientific paper or 
journal article. This technical paper includes titled sections that discuss the details of your research. Sections 
generally included are as follows: Abstract, Introduction, Background, Experiment Design, Data, Data 
Analysis/Discussion, and Conclusion. This type of technical writing is very valuable for you to experience. 

3. PowerPoint Presentation: PowerPoint slides should be organized to show the progression of your research as 
written on your Team Workspace Wiki or your scientific paper. Your presentation cannot, and should not, include 
all the text you included on your wiki or in your scientific paper. A PowerPoint presentation should include a 
summary of the most important parts of each step of your research. The content of the slides should include a 
mixture of short bullets of information, images, and data displays that you can expand upon verbally during your 
presentation. Scientists typically use this format when presenting their research at conferences. 
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STEP 9: Share Research ® 

As part of the Expedition Earth and Beyond Program, you have the opportunity to share your research and results by 
participating in a Virtual Team Results Presentation. These presentations will allow you to present your team’s results to 
scientists and NASA personnel as well as other students across the nation. If you are going to present your research live, 
you will need to have your research ready to present as a PowerPoint presentation. These virtual presentations will take 
place when a team is ready and will be run in a similar way to professional science conferences. Generally scientists 
meet in person at conferences. Since participants in EEAB will toe from all over the country, these conferences will be 
held virtually. At professional conferences, scientist presentations are limited to about 15 minutes. This is followed by 
5-10 minutes for questions or comments. EEAB will follow this same model. Keep this in mind as you put together your 
presentation and practice it. Professional scientists and other student scientists will look forward to hearing about your 
research. You will be building on a body of knowledge that will continue to grow as you and other students participate in 
Expedition Earth and Beyond. 

EXPEDITION EARTH AND BEYOND - STEPPING INTO YOUR FUTURE 

As you finish your Expedition Earth and Beyond investigation, you will have gained insight into the authentic process of 
science. Science doesn't just start and end. Each new discovery we make brings forth new questions and future work to 
be investigated. That is the true nature of science. 

In the future, whether you decide to become a scientist, engineer, or take any other career path, you will have developed 
and refined some very important skills throughout your participation in this project. 

IMPORTANT SKILLS GAINED THROUGHOUT YOUR PARTICIPATION: 

> Critical thinking skills: Critical thinking is an essential skill for scientists, engineers, and you. Any time you have 
a question you want to answer or a problem you want to solve, you use critical thinking skills. Sometimes you 
need to be creative with how you go about attacking a problem. Critical thinking also allows you to evaluate the 
validity of statements and correctness of results presented by others. Your critical thinking and problem solving 
skills should have grown as you have participated in Expedition Earth and Beyond. 

> Discussion and Debate Skills: These skills are extremely important no matter what you do. Being able to 
convince others that your opinion is the Tight" (or most valid) opinion, is a very good skill to have. Scientific 
discussions and debate are similar to arguments. The difference is, you need to back up your opinions with 
facts and observations based on real data. Discussion and debate should also never be taken personally. 
Everyone's opinion should be valued, and debating professionally is always recommended. 
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STEP 9: Share Research ® 


IMPORTANT SKILLS GAINED THROUGHOUT YOUR PARTICIPATION (continued): 

> Writing skills: Whether you posted on a wiki or put your final findings together in an outline or a cohesive 
scientific paper, one of the key items to keep in mind is the need to be clear and concise. This is important for 
any paper you write. Additionally, it is very important to leam how to appropriately cite references. Most papers 
you write in school or in your career will require this. 

> Team work skills: No matter what line of work you are in, learning to function as a team is essential. There is 
always compromise that needs to take place when you work as a team. Learning to compromise and being open 
to different opinions is extremely important. Every aspect of life requires team work on one level or another. 

> Presentation skills: Whether you debate a point of view or give a formal presentation, you are practicing 
presentation skills, if you can present your ideas dearly and with self-assurance, people will have confidence in 
what you are presenting. You will also more easily convince people to agree with your point of view. Presenting 
with confidence comes with experience. The more you present, the easier it becomes. 

> STEM Careers: Science, Technology, Engineering and Mathematics (STEM) offer exciting career opportunities. 
These careers can have a major impact on the lives of everyone on our planet. They are such inter-connected 
fields that it is very difficult to participate in one area without touching on an aspect of the others. As you pursue a 
career for yourself in the future, one of the most important aspects to consider is what you would enjoy doing for 
the rest of your life. 


Your participation in Expedition Earth and Beyond has provided you with an authentic experience in the process of 
science and the exploration of our Earth and possibly beyond. As we continue to explore our Earth and solar system, we 
hope you continue your journey of exploration both personally and professionally. 


Bsp&tflaon Eain ana Beyond: AFrornatartaJs Research and E*pof3tion Science (ARES) EMaflon-VefSOfl 3X 

NASA Johnson Space Center 


54 



